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Completion Summary for Boreholes USGS 148, 148A, and
149 at the Materials and Fuels Complex, Idaho National

Laboratory, Idaho

By Brian V. Twining, Neil V. Maimer, Roy C. Bartholomay, and Blair W. Packer

Abstract

In 2019, the U.S. Geological Survey (USGS), in
cooperation with the U.S. Department of Energy, drilled
and constructed boreholes USGS 148A and USGS 149 for
stratigraphic framework analyses and long-term groundwa-
ter monitoring of the eastern Snake River Plain aquifer at
the Idaho National Laboratory (INL) in southeastern Idaho.
Initially, boreholes USGS 148A and USGS 149 were continu-
ously cored to allow the USGS and INL subcontractor to col-
lect select geophysical and seismic data and evaluate proper-
ties of recovered core material. The USGS geophysical data
and descriptions of core material are described in this report;
however, data collected by the INL contractor, including seis-
mic data, are not included as part of the report.

The unsaturated zone at both borehole locations is rela-
tively thick, depth to water was measured at approximately
663.6 feet (ft) below land surface (BLS) in USGS 148A, and
at approximately 654.1 ft BLS at USGS 149. On completion
of coring and data collection, both boreholes (USGS 148A and
USGS 149) were repurposed as monitoring wells. Well USGS
148A was constructed to a depth of 759 ft BLS and instru-
mented with a dedicated submersible pump and measurement
line; well USGS 149 was constructed to a depth of 974 ft
BLS and instrumented with a multilevel monitoring system
(Westbay™).

Geophysical data, collected by the USGS, were used
to characterize the subsurface geology and aquifer condi-
tions. Natural gamma log measurements were used to assess
sediment-layer thickness and location. Neutron and gamma-
gamma source logs were used to confirm fractured and vesicu-
lar basalt identified for aquifer testing and multilevel monitor-
ing well zone testing. Acoustic televiewer logs, collected for
well USGS 149, were used to identify fractures and assess
groundwater movement when compared with neutron mea-
surements. Furthermore, gyroscopic deviation measurements
were used to measure horizontal and vertical displacement for
the constructed boreholes USGS 148A and USGS 149.

A single-well aquifer test was done in well USGS 148A
during November 6-7, 2019, to provide estimates of transmis-
sivity and hydraulic conductivity. Estimates for transmissivity

and hydraulic conductivity were 6.34x103 feet squared per
day and 3.17 feet per day, respectively. The aquifer test was
run overnight (21.3 hours) and measured drawdown was
relatively small (0.09 ft) at sustained pumping rates rang-

ing from 15.7 to 16.1 gallons per minute. The transmissivity
estimates for well USGS 148 A were slightly lower than those
determined from previous aquifer tests for wells near the
Materials and Fuels Complex, but well within range of other
aquifer tests done at the INL.

Water-quality samples, collected from well USGS 148A
and from four zones in well USGS 149, were analyzed for
cations, anions, metals, nutrients, volatile organic compounds,
stable isotopes, and radionuclides. Water samples for most of
the inorganic constituents showed similar chemistry in USGS
148A and all four zones in USGS 149. Water samples for
stable isotopes of oxygen and hydrogen indicated some pos-
sible influence of irrigation on the water quality. Nitrate plus
nitrite concentrations indicated influence from anthropogenic
sources. The volatile organic compound and radiochemi-
cal data indicated that wastewater disposal practices at the
Materials and Fuels Complex or from drilling had no detect-
able influence on these wells.

Introduction

The U.S. Geological Survey (USGS), in cooperation with
the U.S. Department of Energy (DOE), has collected bore-
hole information at the Idaho National Laboratory (INL) in
southeastern Idaho since 1949 to provide baseline data on the
migration and disposition of radioactive and chemical wastes
in the eastern Snake River Plain (ESRP) aquifer. The USGS is
refining numerical models for the movement of groundwater
and contaminants in the ESRP aquifer. Additional hydrogeo-
logic and borehole information at and near the Materials and
Fuels Complex (MFC) is needed to better understand ground-
water flow for ongoing studies (fig. 1). Geologic data along
with hydraulic properties (transmissivity and hydraulic con-
ductivity) are needed to define groundwater movement as it
relates to contaminant transport of waste plumes at the MFC.
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Drilling and data collection for boreholes USGS 148A
and USGS 149 included the collection and analysis of drill
core and geologic data. After completion of data collection,
the USGS successfully repurposed the wells to meet monitor-
ing objectives. Well USGS 148A was repurposed as a monitor
well using a submersible pump and measurement line; well
USGS 149 was repurposed with a modular multilevel monitor-
ing system, similar to those presented in Fisher and Twining
(2011) and Twining and Fisher (2012, 2015).

The USGS mobilized and began drilling at borehole
USGS 149 on April 29, 2019 (fig. 1). Borehole USGS 149 was
cored and constructed in two phases. During the first phase,
starting on April 29, 2019, and ending on May 29, 2019, the
borehole was continuously cored from 6.5 to 758.0 feet (ft)
below land surface (BLS). The DOE required this depth to
meet geophysical and seismic data collection requirements for
the MFC, work performed by the INL contractor and outside
the scope of this report. During the second phase, starting
on August 26, 2019, and ending on September 20, 2019,
borehole USGS 149 was cored from 758.0 to 973.7 ft BLS.
After completion of drilling at borehole USGS 149, a modu-
lar monitoring system was installed over 4 days, starting on
September 23, 2019. The system selected, Westbay™ MP55,
uses technology deployed in other USGS wells at the INL to
monitor pressure, temperature, and water chemistry from dis-
crete zones using a series of packers and measurement ports. A
description of the system, components, port depths, and zones
is provided in appendix 1.

Core drilling for borehole USGS 148A (previously USGS
148) started on July 2, 2019, and was completed on July 30,
2019. Borehole USGS 148 was abandoned during June 1219,
2019, after core drilling from the first basalt contact down to a
depth of 264.1 ft BLS. Boreholes USGS 148 and USGS 148A
originate from the same surface location; however, borehole
USGS 148 was abandoned at depths of 136.5-264.1 ft BLS
after polyvinyl chloride (PVC) tremie pipe broke off while
we attempted to stabilize rubble sections with grout. The PVC
tremie pipe broke off on June 27, 2019, after we placed a total
of 43.5 cubic yards (yd?) of grout over several days through
the abandoned section. Attempts were made to drill over the
PVC pipe and use the same cored borehole (USGS 148), but at
a depth near 130.0 ft BLS, we determined that the bit was no
longer in the section previously cored. A decision was made to
rename the borehole USGS 148A, allowing for some overlap
in core material between boreholes USGS 148 and USGS
148A. Core drilling resumed in borehole USGS 148A at a
depth of 136.5 ft BLS on July 2, 2019; borehole USGS 148A
was continuously cored from 136.5 ft to 759.2 ft BLS over
17 days. After drilling, borehole USGS 148 A was repurposed
as a monitoring well and used for aquifer testing and ground-
water sampling. Driller notes for boreholes 148A (previously
USGS 148) and USGS 149 are provided in appendixes 2 and
3, respectively.

Various data were collected throughout the drilling
process and after the boreholes were constructed as moni-
tor wells; much of these data are presented in this report.

Introduction 3

Recovered borehole cores for boreholes USGS 148, 148A,
and 149 were photographed and described and are included

in appendixes 4-6, respectively. Geophysical and borehole
video data, collected by the USGS, were analyzed to show and
describe the borehole conditions and confirm areas of sedi-
ment along with areas of fractured and dense basalt.

Purpose and Scope

The purpose of this study is to better understand the
hydrogeology in the eastern part of the INL, specifically at the
MEFC. The scope of this report presents results of the drilling,
coring, construction, geophysical logging, and groundwater
sample results for boreholes USGS 148A and USGS 149 along
with the aquifer test results for well USGS 148A. Select drill-
ing and core data are presented for abandoned borehole USGS
148. General lithologic descriptions of the drill core for all
boreholes are provided along with detailed descriptions that
are presented in the accompanying appendixes. This report
also presents (1) a comprehensive suite of water samples
analyzed for inorganic, organic, stable isotopes, and radionu-
clide constituents; and (2) results for wells USGS 148A and
USGS 149.

Hydrogeologic Setting

The INL is in the west-central part of the ESRP (fig. 1).
The ESRP is a northeast-trending structural basin about 200
miles (mi) long and 50—70 mi wide. Formation of the ESRP
was caused by the passage of the North American tectonic
plate over the Yellowstone Hot Spot (Pierce and Morgan,
1992). The ESRP is subject to continuing basaltic volcanism
and subsidence because disruption to the crust resulted in
increased heat flow (Blackwell and others, 1992) and emplace-
ment of a dense, mid-crustal sill (Shervais and others, 2006).
The subsiding ESRP basin was filled with interbedded terres-
trial sediments and Pleistocene to late Pliocene basalt, 0.6—1.2
mi thick (Whitehead, 1992). The basaltic rocks and sedimen-
tary deposits constitute the ESRP aquifer.

The ESRP is composed mostly of olivine tholeiite basalt
flows, which erupted as tube-fed, inflated, pahoehoe flows that
constitute more than 85 percent of the subsurface volume of
the ESRP at the INL (Anderson and Liszewski, 1997). Figure
2 shows a diagram of a lobe of a tube-fed pahoehoe ESRP
basalt flow with cooling fractures that develop perpendicular
to the exterior surfaces, vesicle zones and sheets, pipe vesicles,
interior mega vesicles, and a diktytaxitic to massive core. The
distribution of basalt flows is controlled by topography, rate of
effusion, and duration of eruption. Near-vent flows are thinner
than distal flows, and accumulations of thin flows have a larger
volume of high conductivity zones than the same volume of
thick flows (Anderson and others, 1999).

The part of the Snake River Plain aquifer that underlies
the ESRP is one of the most productive aquifers in the United
States (U.S. Geological Survey, 1985, p. 193). Groundwater in
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the ESRP aquifer generally moves from northeast to south-
west, eventually discharging to springs along the Snake River
near the terminus of the ESRP—about 100 mi southwest of the
INL (Whitehead, 1992). Water moves through basalt fracture
zones at the tops, bases, and sides of basalt flows. Infiltration
of surface water, groundwater pumping, geologic conditions,
and seasonal fluxes of recharge and discharge locally affect
the movement of groundwater (Garabedian, 1986). Recharge
to the ESRP aquifer primarily is from infiltration of applied
irrigation water, streamflow, precipitation, and groundwater
inflow from adjoining mountain drainage basins (Ackerman
and others, 2006).

The depth to water in wells completed in the ESRP
aquifer at the INL ranges from about 200 ft in the northern
part of the site to more than 900 ft in its southeastern part.

A substantial proportion of the groundwater moves through
the upper 200-800 ft of basaltic rocks (Mann, 1986, p. 21).
Ackerman (1991, p. 30), Bartholomay and others (1997,

table 3), and Twining and Maimer (2019, table 2) reported a
range for transmissivity in the ESRP aquifer of 1.1-760,000
feet squared per day (ft2/d). The hydraulic gradient at the INL
ranges from 2 to 10 feet per mile (ft/mi), with an average of

4 ft/mi (Bartholomay and others, 2020, fig. 9). Horizontal
flow velocities of about 2-26 ft/d have been calculated based
on the movement of various constituents in different areas of
the aquifer at and near the INL (Robertson and others, 1974;
Mann and Beasley, 1994; Cecil and others, 2000; Plummer
and others, 2000; Busenberg and others, 2001). These flow
rates equate to a travel time of 55-700 years for water beneath
the INL to travel to springs that discharge at the terminus of
the ESRP aquifer. Localized tracer tests at the INL have indi-
cated vertical- and horizontal-transport rates as high as 60—150
ft/d (Nimmo and others, 2002; Duke and others, 2007).



Drilling and Borehole Construction
Methods

Drilling and well construction by the USGS took place
during April 30-November 7, 2019. All activities were in
accordance with the USGS INL Site Safety Plan and the INL
environmental checklist requirements. Prior to drilling, a
pre-job safety briefing was held on April 29, 2019, at borehole
USGS 149, and a second briefing was held on June 12, 2019,
for borehole USGS 148A (previously USGS 148). In addition
to the pre-job briefings, daily job-site briefs were held between
the USGS and the sub-contractor collecting seismic data to
keep off-site management updated on the schedule, drilling,
and safety. Regular equipment inspections and safety discus-
sions were documented, and weekly drilling updates were
distributed by email during the project.

Prior to the start of drilling, protective tarps were placed
under the drill rig and various other support equipment to pre-
vent spills of oil and (or) hydraulic fluids. No reportable spills
occurred during drilling operations. Drilling water, mixed with
drilling mud, was used throughout the drilling and coring pro-
cess. Drilling water was supplied from a fire hydrant located in
the parking lot of the MFC (fig. 1). Drilling mud, consisting of
bentonite and polymer materials, was mixed on-site with drill
water and introduced as drilling fluid while drilling occurred.
Drilling fluid primarily was used to maintain borehole stabil-
ity and cool the drill bit while core drilling occurred. Cement
grout (grout) was used to fill fractures and stabilize loose sec-
tions of material. Grout generally consisted of Portland Type
II cement, bentonite, and water. Grout was mixed at the drill
site to achieve a thick slurry and pumped through 2-inch (in.)
tremie line to desired depths until the borehole was filled.

Borehole USGS 148 and USGS 148A—Core
Drilling and Construction

Borehole USGS 148 was continuously cored from 3.6 to
264.1 ft BLS (app. 4); Borehole USGS 148A was continuously
cored from about 136.5 to 759.2 ft BLS (app. 5). Borehole
USGS 148 was abandoned with grout below 136.5 ft BLS;
however, boreholes USGS 148 and USGS 148A are the same
borehole down to this depth (136.5 ft BLS).

Core drilling was done using a Christensen™ CS 1500
rotary drilling rig and PQ™-size coring system (fig. 3;
Christensen Products, 1997), where PQ™ refers to core rod siz-
ing (drill-bit size about 4.8-in. diameter). The core system was
set up with carbide and diamond core bits, core catchers, and
latch assembly for core retrieval (fig. 3). Core was retrieved
in 5-ft sections using a four-part wireline latching mechanism
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(quad latch) at the top of the core-barrel assembly (fig. 3). The
core was marked for orientation and depth in the field before
boxing. Additionally, the cores from USGS 148 and USGS
148A were reviewed and taken to the USGS Lithologic Core
Storage Library (CFA-663)—the library is operated by the
USGS and located at Central Facilities Area (CFA; fig. 1)—
to be photographed and archived. The completed core logs

for USGS 148 and USGS 148A, with photographs and core
descriptions, are included in appendixes 4 and 5, respectively.

Boreholes USGS 148 and 148A Drilling Activity

Core drilling at the initial borehole USGS 148 started on
June 12, 2019, after placement of steel well casing with 5.0-in.
inside diameter near 3.6 ft BLS at the first basalt contact. Core
drilling for borehole USGS 148 advanced quickly from 3.6
to 264.1 ft BLS during June 12-19, 2019; however, because
of unstable conditions, attempts were made to grout fractures
and stabilize the borehole. A total of 43.5 yd? of grout was
pumped through tremie and used to fill the borehole during
June 20-27, 2019. Most of the grout moved out horizontally
through fractures in the basalt matrix. On June 27, 2019, 3.5
yd? of grout was pumped, the grout suddenly filled up past the
bottom of the PVC tremie pipe.

After attempts to remove the tremie pipe failed, the
USGS attempted to use a modified drill bit to drill out the
PVC tremie, but also to stay within the original cored bore-
hole (USGS 148). Near a depth of 130.0 ft BLS, basalt cutting
returns suggested that the drill bit had moved out of borehole
USGS 148, starting a new borehole renamed USGS 148A.
The USGS restarted core drilling at borehole USGS 148A near
a depth of 136.5 on July 1, 2019. Given the amount of grout
placed in original cored borehole USGS 148 (43.5 yd?), the
drilling group believed that the cement grout had filled most, if
not all, of the section of cored borehole extending from 136.5
to 264.1 ft BLS.

Core drilling resumed in borehole USGS 148A; however,
near a depth of 314.0 ft BLS, 24.5 yd? of grout were placed
over 2 days in borehole USGS 148A to stabilize fractured
areas. The grout was pumped through tremie until it reached
land surface, grouting through sections previously grouted.
Before the grout had fully cured, it was drilled out using a
tri-cone assembly following borehole USGS 148A. After the
grouted section was drilled out to 314 ft BLS, core drilling
resumed for 11 days to a final completion depth of 759.2 ft
BLS on July 30, 2020. In total, approximately 68.0 yd> of
grout was used to fill fractures throughout the upper 314.0
ft of borehole USGS 148A. After borehole USGS 148A was
drilled to completion depth, geophysical data were collected
and analyzed by the USGS.
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A. Quad latch assembly

Quad latch
finger
Tension
spring
B. Core catcher with inner barrel
Pivot
bearing
QOuter core
barrel
Bearing Drill rod
assembly
Check ball ——— C. Core bit
(Drill rod]
Inner core
barrel
Core
catcher

Modified from Twining and others (2014).

Figure 3. PQ™-size coring system used for coring. PQ™ refers to core rod sizing (drill-bit size is about 4.8 inches in
outer diameter). Modified from Christensen Products, 1997.



Final construction of well USGS 148A included place-
ment of 4.0-in. inside-diameter steel casing, extending con-
tinuously from 2.5 ft above land surface to a depth of 654.0 ft
BLS. The 4.8-in. borehole is open below the steel casing from
654.0 to 759.2 ft BLS (fig. 4). This was done prior to installa-
tion of a submersible pump and measurement line and to avoid
potential caving of loose material. Well USGS 148A was con-
figured with a Grundfos™ 5-horsepower submersible pump,
pump wire, 1.0-in. diameter stainless steel (SS) discharge line,
and 1.0-in. diameter SS water-level line (fig. 4). The submers-
ible pump intake was set near 720.0 ft BLS for aquifer testing
and well development, and the 1.0-in. diameter measuring line
was installed down to about 700.0 ft BLS. Surface completion
included a 4.0-ft diameter concrete pad complete with a brass
survey marker and a locking wellhead (table 1; fig. 4).

Borehole USGS 149—Core Drilling and
Construction

Borehole USGS 149 was continuously cored from 6.5
to 973.7 ft BLS using a Christensen™ CS 1500 rotary drilling
rig and PQ™-size coring system (Christensen Products, 1997).
The coring methods and assembly used for drilling borehole
USGS 149 were like those previously described for borehole
USGS 148A (fig. 3). Core material was boxed and reviewed
before it was taken to CFA-663 to be photographed and
described at the INL Lithologic Core Storage Library (app. 6).

Borehole USGS 149 Drilling Activity

On April 30, 2019, drilling began on borehole 149
through approximately 3.0 ft of surface sediment with the
placement of 8.0-in. inside-diameter steel well casing to
this depth. A tri-cone bit assembly (6.0-in. diameter) was
used to advance the borehole through a mixture of sediment
and rubble but stopped at solid basalt near 6.0 ft BLS. Steel
casing (5.0-in. inside-diameter) was placed in mostly solid
rock before the previously advanced 8.0-in. steel casing was
removed. After casing through surface material, the drilling
system was changed over to begin core drilling.

Core drilling for borehole USGS 149 was completed
in two stages. The first stage borehole USGS 149 was cored
from 6.5 to 758.0 ft BLS during April 30-May 30, 2019; the
second stage was cored from 758.0 to 973.7 ft BLS during
August 26—September 4, 2019 (app. 3). After the first stage of
core drilling was completed, the USGS mobilized equipment
to borehole USGS 148A, leaving borehole USGS 149 open
for testing for almost 3 months. Starting on August 26, 2019,
the USGS mobilized equipment back to restart the second
stage of core drilling at borehole USGS 149. The USGS cored
borehole USGS 149 an additional 215.7 ft, terminating the
borehole at a depth of 973.7 ft BLS.

During the first stage, borehole USGS 149 was cored to
a depth of 233.0 ft BLS before 32.0 yd? of grout was placed to
stabilize loose sections and prevent material caving. The grout
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was placed over 6 days, in 2—-6-yd? batches (app. 3), filling up
the cored borehole to surface. The partially cured grout was
drilled out using a tri-cone bit assembly and stopping near
233.0 ft BLS but following the previously cored section. The
grout seemed to have successfully stabilized the borehole,
resulting in a mostly continuous grout collar down to 233.0 ft
BLS. Core drilling resumed to a depth of 403.0 ft BLS, but the
USGS encountered additional fractured and unstable media
that required grouting (app. 3). An additional 15 yd? of grout
was placed over 1 day in borehole USGS 149, filling it from
234.0 to 403.0 ft BLS. The partially cured grouted section

was drilled out using the tri-cone assembly to follow the cored
borehole section. The tri-cone drilling was halted near 397.0

ft BLS to resume core drilling. The grouting effort resulted in
borehole USGS 149 having a mostly continuous grout collar,
extending from the bottom of the surface casing down to 403.0
ft BLS (fig. 5). The continuous grout collar and stable bore-
hole were essential for seismic testing, scheduled by the INL
contractor.

The USGS completed stage 1 after core drilling from
397.0 to 758.0 ft BLS (app. 3) and collected geophysical data
with drill rod on bottom. Additionally, the USGS recorded a
borehole video after removing the drill rod to review the grout
collar integrity, but also to review the open section where no
grouting occurred. After verifying the borehole integrity, the
USGS assisted the INL contractor with data collection at both
borehole locations (USGS 148A and 149) before mobilizing
back to borehole USGS 149 to finish final construction and
monitor well installation.

The second stage of borehole USGS 149 core drilling
was completed over 4 days, reaching a depth of 973.7 ft BLS.
The USGS decided to terminate the borehole at the depth of
973.7 ft BLS because of difficulties removing the entire drill-
ing assembly after the bit became stuck. Attempts to pull the
drill assembly were not successful; however, most of the drill
rod was successfully removed after deployment of a cutting
tool used to separate the drill rod near 961.0 ft BLS. Borehole
video was used to confirm that borehole USGS 149 was open
to approximately 961.0 ft BLS; however, approximately 12.7
ft of the drill assembly remained on bottom. Because of the
time involved with removing the drill rod and the prepara-
tion time needed to meet the scheduled installation of a
multilevel monitoring system, only select geophysical data
were collected. On September 20, 2019, the USGS collected
geophysical data along with a borehole video just prior to the
installation of the multilevel monitoring system, which started
September 23, 2019.

The final construction of borehole USGS 149 (fig. 5)
included (1) an 8.0-in. diameter steel casing extending 2.77 ft
above brass land surface datum but welded to 5.0-in. diameter
steel casing set to 6.0 ft BLS, (2) a Westbay™ MP55 multi-
level monitoring system installed to a depth of 958.34 ft BLS
(app. 1), and (3) a concrete pad complete with a brass survey
datum and a locking wellhead.
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USGS 148A
Site Identifier: 433535112390801

1.0-in. stainless steel discharge line
set near 720.0 ft BLS

1.0-in. stainless steel water level
access line set near 700.0 ft BLS

5-horsepower pump (720.0 - 725.0 ft BLS) ———

Pump: Grundfos™ 16S50-38

Figure 4. Final constructed well USGS 148A, Materials and Fuels Complex, Idaho National Laboratory, Idaho.

Locking wellhead

) Depth
+/ Concrete pad with USGS marker (feet BLS)
T 5.0-in. inside-diameter ]
steel casing set to 3.6 ft BLS ]
e —
4.9-in. diamater borehole E
cemented from 3.6 to 314.0 ft BLS 100 ——
using approximatly 68 cubic yards of —
Portland Type Il cement ]
150 ——
200 ——
250 ——
300 ——
4.0-in. inside-diameter steel casing 350 ———
(+ 2.5 ft above ground to 654.0 ft BLS) ]
400 —
450 ——i
vl —_ Waterlevel - 663.59 ft BLS 650 ——
measured 11-06-2019 at 1:00 p.m. —
taken before aquifer test ]
4.8-in. open borehole 700 —
(654 to 759 ft BLS) |
750 ——
Borehole completion —
depth: 759.2 ft BLS ]
800 ——

below land surface; ft, feet; USGS, U.S. Geological Survey ;+, plus.

in., inch; BLS,
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Table 1. Location and completion information for wells USGS 148A and 149, Materials and Fuels Complex,
Idaho National Laboratory, Idaho.

[Local name: Local well identifier used in this study. Location of well is shown in figure 2; Site identifier is unique numerical
identifier used to access well data (U.S. Geological Survey, 2021). Longitude, Latitude, and Measurement point elevation are
from survey taken at brass survey marker (brass cap) located adjacent to well head on cement pad. Aquifer thickness is the
altitude of the base of the aquifer as interpreted from geophysical surveys (Whitehead, 1992) subtracted from the measured
depth to water (altitude of water table). Depth cored (range) refers to starting and ending point of continuous core. Total core
recovered refers to total amount of core recovered during drilling. Top and bottom of open borehole refers to where the cas-
ing stops and open borehole (uncased) section starts. Abbreviations and symbol: BLS, below land surface; NAD 83, North
American Datum of 1983; NAVD 88, National Geodetic Vertical Datum of 1988; USGS, U.S. Geological Survey; >, greater
than]

Local name

USGS 148A

USGS 149

Site identifier

Longitude

Latitude

Measurement point elevation
Aquifer thickness

Depth cored (range)

Total core recovered
Borehole diameter

Top of open borehole

Bottom of open borehole

Depth to water

433535112390801
112°39'07.52" (NAD 83)
43°35'35.42" (NAD 83)
5,140.55 feet (NAVD 88)
>2.000 feet

136.3 to 759.2 feet BLS
600.5 feet

4.8 inches

654.0 feet

759.2 feet

663.59 feet BLS, measured

November 6, 2019, at 1:00 p.m.

433524112390801
112°39'08.29" (NAD 83)
43°35'23.73" (NAD 83)
5,132.42 feet (NAVD 88)
>2.000 feet

6.5 to 973.7 feet BLS
951.3 feet

4.8 inches

6.0 feet BLS

973.7 feet BLS

654.12 feet BLS, measured
September 24, 2019, at 12:30 p.m.
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USGS 149
Site Identifier: 433524112390801 —————  Locking Wellhead Depth
e

/ I I __— Concrete pad w/USGS marker (feethLS)
8.0-in. inside diameter T 5.0-in.inside diameter —
steel casing steel casing set to 6 ft BLS —
(+1t0 +2.77 ft above 50 —
land surface datum) —
4.8-in. diamater borehole 100 _—
Cemented from 6 to 403 ft BLS ]
—— 150 ———
Portland Type Il Cement ]
(0to 403 ft BLS) 200 —
51.3 yards cement pumped —
through tremie pipe ]
250 ——
300 ——
350 ——
MP55 packer (5 ft) - blue lines —]
11 packers total —]
400 —
—}——— P55 casing (PVC) A —
MP casing length: 958.3 ft ]
500 ——
° 550 ——
4.8-in. open borehole —
(6 to 973.7 ft BLS) ]
600 —
Refer to appendix A —
for port depths | ————— Water Level - 654.12 ft BLS 650 ——
listed below ° (measured 11/6/2019 @ 1:00 PM) —
, 700 ——
Sample Zone 8 - ° Water sampling port(s) - red dots _]
port depth 721.3 ft = 4 sample ports representing ]
— Zone 1, Zone 3, Zone 5, and Zone 8 750 ——
— & ]
800 —
Sample Zone 5- ———o —]
port depth 805.4 ft —
q:— Measurement port(s) - green dots 850 ——
8 ports total in water column —
Sample Zone3- ———o ]
port depth 892.7 ft 900 —
(R —
0| —

Sample Zone 1 - ————o 950
port depth 937.5 ft —
Borehole completion —
depth: 9737 ft BLS 1,000 ——

Figure 5. Final constructed well USGS 149 with multilevel completion, Materials and Fuels Complex, Idaho National Laboratory,
Idaho. in., inch; BLS, below land surface; ft, feet; PVC, polyvinyl chloride; USGS, U.S. Geological Survey ;+, plus.



Geologic and Geophysical Data

Geologic data were collected and analyzed from the
core to provide rock and sediment properties. Additionally,
geologic and hydrologic data were interpreted from borehole
geophysical logs collected and analyzed for boreholes USGS
148A and USGS 149. Borehole geophysical data provided a
complete and continuous representation of formation mate-
rial in the immediate vicinity of the well bore and were used
for selecting depths for geologic contacts. Recovered core
material was labeled, photographed, and described to provide
detailed lithologic descriptions from land surface to comple-
tion depth. Core photographs and lithologic descriptions are
provided for boreholes USGS 148, 148A, and 149 in appen-
dixes 4-6. Some core material overlap exists for boreholes
USGS 148 and USGS 148A where they originate from the
same surface location and follow similar geologic media;
however, all core material recovered was provided as part of
this investigation.

Borehole geophysical log data collected include natural
gamma, neutron, gamma-gamma dual density, and gyroscopic
deviation (table 2). Acoustic data were collected for borehole
USGS 149 after the final completion depth was reached during
stage 2. Borehole geophysical data were saved as electronic
files and processed using Well CAD™ software. Processed data
were used to infer changes in geologic media along with litho-
logic descriptions. Borehole geophysical data can be accessed
through U.S. Geological Survey (2019) USGS GeoLog
Locator (U.S. Geological Survey, 2019).

Geology

The surficial geology at boreholes USGS 148A and 149
is sparsely vegetated loess. Surface sediment was not cored
at either location; however, drill cuttings from above the first
basalt contact at borecholes USGS 148A and 149 were uncon-
solidated and poorly developed soil, consisting of fine to
coarse sand.

Five sediment layers, excluding surficial sediments,
were noted in core material descriptions and borehole geo-
physical logs for borehole USGS 148A (app. 5; fig. 6).
Sediment descriptions for borehole USGS 148A start near a
depth of 136.3 ft BLS; however, sediment descriptions from
land surface to 136.3 ft BLS from USGS 148 were used for
borehole USGS 148 A because they were assumed to be the
same borehole. Sediment-layer thickness for borehole USGS
148A ranged from 1.0 to 6.8 ft and sediment layers gener-
ally were separated by 100 ft or more of basalt. The sediment
layers, described in appendixes 4-5, are composed mostly of
fine-grained sand, silt, and clay deposits that were extremely
firm and structureless. Sediment layers, including surficial
sediment, constitute about 2.6 percent (19.9 of 759.2 ft) by
volume of borehole USGS 148A. All the sediment described
in borechole USGS 148 A was described for the unsaturated
zone, above 663.6 ft BLS (fig. 6). Sediment layers recovered
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from boreholes USGS 148 and 148A seemed to be acolian
deposits that were deposited between recurring basalt erup-
tions. Sediment-layer descriptions, in appendixes 45, show
evidence of root casts within the fine sand, silt, and clay
matrix that indicate a hiatus in time sufficient to establish
vegetation growth.

Six sediment layers, excluding surficial sediments, were
noted in core material descriptions and borehole geophysi-
cal logs for borehole USGS 149 (app. 6; fig. 7). Lithologic
descriptions for borehole USGS 149 suggest that the thickness
of sediment layers for borehole USGS 149 ranged from 0.2
to 7.3 ft and that the layers generally were separated by 100 ft
or more of basalt. The sediment, described in appendix 6, are
composed mostly of fine-grained sand, silt, and clay deposits
that were extremely firm and structureless. Two sediment lay-
ers described for borehole USGS 149, but not described for
borehole USGS 148A, include a volcanic ash deposit present
in a sediment layer described near 35.1 ft BLS and a sandstone
layer near 579.6 ft BLS (app. 6). Sediment layers, including
surficial sediment, constitute about 2.0 percent (19.8 of 973.7
ft) by volume of borehole USGS 149. Like the sediment layers
in borehole USGS 148A, the sediment layers described for
borehole USGS 149 only account for a small percentage of
the overall thickness and were not identified in the saturated
section cored below about 650.0 ft BLS (fig. 7). Sediment
layers recovered for borehole USGS 149 that were deposited
between recurring basalt eruption (but allowing enough time
for vegetation growth) also seemed to be aeolian. Examples
are described in appendix 6; they include root casts within the
fine sand, silt, and clay matrix.

Basalt layers encountered in boreholes USGS 148, 148A,
and 149 also are described in appendixes 4-6. The texture
of basalt between boreholes was similar, but varied between
aphanitic, phaneritic, diktytaxitic, and porphyritic. The cored
basalt layers generally ranged from medium to dark gray in
color. Lithologic descriptions of basalt layers suggest vari-
able thickness of units and indicate typical basalt variations
of fractured upper and lower crust and more massive interiors
along with varying degrees of vesiculation (fig. 2). Detailed
lithologic logs and photographs of rock core are provided in
appendixes 4—6.

Borehole Geophysical Logs

Borehole geophysical data were collected on completion
of coring using wireline logging tools operated and owned
by the USGS INL Project Office. Borehole video files were
recorded using wireline camera equipment, also owned and
operated by the USGS INL Project Office. The log type, log-
ging tool identifier, logging depth, date and time of log, and
sensor uncertainty are provided in table 2. The USGS cali-
brates geophysical logging equipment and sensors annually or
on an as-needed basis.
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GAM(NAT) Neutron (Am/Be-241) DEN(SS) z (General lithology) Definition of terms
_— USGS 148A [ ]| ceseseeresasenrncanian S Depth in feet BLS
0 API 100 0 API-N__ 3500/120000 CPS 160000 2 Am/Be-241 -
PORINEV) DENLS) - americium/beryllium-241
0 0 PERCENT 100 |0 CPS 3500 APL A Petrol
NS = | 3 y - American Petroleum
§§§ |||||||||i|||‘|'| Institute
g NN
25 §§§§§ Borehole USGS 148A (peviously USGS 148) BLS - below land surface
50- §§§§§ AlJ LITHOLOGY (Taken from appendixes 4 and 5) Ci-137 - . 137
5\\\: Depth range (feet BLS) i-137 - cesium-13
:%\%5 ||||||||||||||| 0t0 3.6 ft Surface Sediment
| s§\§5 M 3610491 ft Basat CPS - counts per second
75 E\\\i (T 49.1 10 53.2 ft Sediment (clay/silt/fine sand)
i%%%i MMM 53:210 274.2 ft Basait Den(SS) - sh d
1004 §§§§§ iIIIHHII‘IIIHi,iI 274210 2760 ft Sediment (clay/silt/fine sand) er:j(ens)'t-s ort-space
i i 276.0 t0 405.6 ft Basal I
s§§§s ] 4056:g412.4f}S:;?r;em(c\ay/smlﬁnesand) ¥
1251 N I B N DenlLS) - long-spaced
§§§§§ HHIIIIIIIIIIII 205 Bt density
i | 5975 10 600.1 ft Sediment (clay/silt/fine sand
150+ §§§§§ ||I|"y||“||III 600.1 :37591% BZSLT””C s san ft - feet
N Il Gam(Na) - natural
i NN WELL DESIGN am(Nat) - natural gamma
175 5§§§§ "“""“Hi,il 5.0-in. steel casing: +1.0 ft above land surface to 3.6 ft BLS radiation
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Figure 6. Borehole geophysical logs (including natural gamma, neutron, and gamma-gamma, well design) and generalized lithology
described from cores, video logs, and geophysical logs for borehole USGS 148A, Materials and Fuels Complex, Idaho National
Laboratory, Idaho. USGS, U.S. Geological Survey.
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Figure 7. Borehole geophysical logs (including natural gamma, neutron, and gamma-gamma, well design) and generalized lithology

described from cores, video logs, and geophysical logs for borehole USGS 149, Materials and Fuels Complex, Idaho National Laboratory,
Idaho. USGS, U.S. Geological Survey.



Natural Gamma Logs

In this study, the primary use of the natural gamma log
was to confirm and compare the location and thickness of
sediment layers with lithologic logs presented in appendixes
5-6. Natural gamma logs record gamma radiation emitted by
naturally occurring radioisotopes. The natural gamma detector
measures total gamma radiation without distinguishing among
individual contributions of the various isotopes. The USGS
has used natural gamma logging at the INL to identify sedi-
mentary layers in boreholes, but also to distinguish between
basalt flows containing different amounts of potassium-40.
Most logging tools used by the USGS include a natural
gamma detector along with other sensors and detectors. The
natural gamma logs shown in report figures are identified
in table 2.

Five sediment layers, excluding surface sediment, are
described in lithologic logs for borehole USGS 148A (fig. 6;
app. 5). The depth and thickness of sediment layers recovered
from borehole USGS 148A generally correlated well with
natural gamma logs. Sediment layers were relatively thin (less
than 7 ft) and constituted less than 3 percent by volume of
the material recovered in borehole USGS 148A. Recovered
sediment consisted mostly of fine-grained sand, silt, and
some clay.

Six sediment layers, excluding surface sediment, were
measured in natural gamma logs of borehole USGS 149 and
correlate well to lithologic logs (fig. 7; app. 6). Sediment-layer
thickness and depth mostly agreed with the natural gamma log
for borehole USGS 149. In certain instances, the thickness of
sediment layers in the lithologic log of borehole USGS 149
was overestimated in the natural gamma log. For example,
near a depth of 385.0 ft BLS, the lithologic core in appendix
6 suggested that the sediment was about 3.0 ft in thickness;
however, the natural gamma log suggested the sediment layer
could be 13.0 ft thick. Where lithologic core was recovered for
most of this section, the sediment thickness was approximated
from lithologic core, not the natural gamma log. Sediment lay-
ers measured in borehole USGS 149 were relatively thin (less
than 7 ft) and constituted a small percentage of the material
recovered (approximately 2 percent by volume). The sedi-
ment recovered consisted mostly of fine-grained sand, silt, and
some clay.

Neutron Logs

Neutron logs are a general indicator of hydrogen content
and, when combined with natural gamma logs for sediment
location, can be used to identify perched groundwater. The
neutron detector continuously records induced radiation pro-
duced by bombarding surrounding media (casing, formation,

Geologic and Geophysical Data 15

and fluid) with fast neutrons (energies greater than 10° electron
volts) from a sealed neutron source, which collide with sur-
rounding atomic nuclei until they are captured (Keys, 1990,
section 5, p. 95). The neutron probe used by the USGS INL
Project Office has an americium/beryllium neutron source and
a helium-3 detector that counts slow (thermal) neutrons (those
that have energies less than 0.025 electron volts). The neutron
logs were collected through drill casing, generally once core
drilling was complete.

Neutron logs indicated no evidence of perched ground-
water in unsaturated media, located above the water table.
Neutron logs for boreholes USGS 148A and 149 (figs. 8-9)
also were examined to identify zones of high and low hydro-
gen content. A color-gradient scale, ranging from red (high
hydrogen content) to white (low hydrogen content), was
applied to show the location of water-producing zones. The
neutron logs correlated well with acoustic televiewer (ATV)
logs collected for borehole USGS 149 and lithologic logs
collected for boreholes USGS 148A and 149 (figs. 8-9; app.
5-6). Zones with low hydrogen content correlated with dense
and massive basalt, whereas zones with high hydrogen con-
tent correlated with fractured and vesicular basalt for satu-
rated media.

Gamma-Gamma Dual Density Logs

Gamma-gamma dual density logging detects Compton-
scattered gamma rays that originate from a fully encapsu-
lated, 0.2-curie cesium-137 source. The radioactive source is
threaded into the bottom of the tool during operation, like the
neutron source. The source is stored in a shipping container
during transport and when not in operation. The intensity of
the gamma radiation reflected back to the probe is a function
of the electron density of the medium after it is backscattered
or absorbed in a drill hole, borehole fluid, or surrounding
media. In the study, we used an omni-directional, dual detector
sonde that responds to density variation in counts per sec-
ond (CPS), registering higher CPS counts for lower-density
material.

Gamma-gamma dual density data were collected in
boreholes USGS 148A and 149 (figs. 6-9; table 2). Gamma-
gamma dual density logs were used to identify areas of
unfractured and fractured basalt. The depths of fractured basalt
zones, indicated in gamma-gamma dual density logs, corre-
lated well with fractured zones from other geophysical logs in
boreholes USGS 148A and 149.



16 Completion Summary for Boreholes USGS 148, 148A, and 149, Idaho National Laboratory, Idaho

Natural gamma

0

GAM(NAT)
API

75

USGS148A

0

Neutron (Am/Be-241)
API-N 1400

DEN(SS)

120000 CPS 145000

USGS 148A

(General lithology)
Depth in feet BLS

POR(NEU)

DEN(LS)

0

PERCENT 100

2500 CPS 7000

660 -

665 -

670

675

680 -

685 -

690 +

695

700

705

Depth below land surface, in feet

710 A

715 +

720 -

725 -

730 +

735 4

740 -

745

750

755

AQUIFER TEST DATA

Aquifer Test Date: 11-06-2020

5-hp pump intake set near - 723 ft BLS
Static water level - 663.59 ft BLS

Water level measured - 11-06-2019

Test length - 1,278 minutes

Drawdown* - 0.03 ft at 100 minutes into test
Average discharge - 16 gal/min

Note* - drawdown reported from transdcuer
LITHOLOGY
Estimated from Neutron Log Readings

Depth Interval
(feet BLS)

664 to 667 -
667 to 670 -
670 to 673 -
673 to 675 -
6750 681 -
681 to 683 -
683 to 695
695 to 698 -
69810718 -
71810725 -
72510728 -
72810730 -
730t0 734 -
73410 740 -
74010 759 -

Basalt (mostly dense)
Basalt (fractured)
Basalt (mostly dense)
Basalt (fractured)
Basalt (mostly dense)
Basalt (fractured)

- Basalt (mostly dense)

Basalt (fractured)
Basalt (mostly dense)
Basalt (fractured)
Basalt (mostly dense)
Basalt (fractured)
Basalt (mostly dense)
Basalt (fractured)
Basalt (mostly dense)

Based on general basalt lithology
for the depths 664 to 759 ft BLS

- Percentag

- Percentage of fractured/vesicular basalt - 26 percent

e of dense basalt - 74 percent

EXPLANATION

Definition of terms

Am/Be-241 -
americium/beryllium-241

API - American Petroleum
Institute

BLS - below land surface
CPS - counts per second

Den(SS) - short-spaced
density

Den(LS) - long-spaced
density

ft - feet
gal/min - gallons per minute

Gam(Nat) - natural gamma
radiation

in. - inches
Neutron - hydrogen index

Por(Neu) - liquid-filled
porosity

Well Design

| | Pump and water
level line

mm  \Well pump

Figure 8. Expanded geophysical and lithologic logs with focus on depths 655757 feet below land surface for borehole USGS 148A,
Materials and Fuels Complex, Idaho National Laboratory, Idaho. USGS, U.S. Geological Survey.
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Natural gamma ATV USGS 149 EXPLANATION
GAM(NAT) Neutron (Am/Be-241) DEN(SS) T_TIME  AMPL (General lithology) Definition of terms
USGS 149 | [ ] | eeecccscccncccntiinnnn I Depth in feet BLS
0 API 75 0 API-N 1600 [120000 CPS 140000 JSEC 125 Am/Be-241 -
PORINEY) DENLS) americium/beryllium-24
0 PERCENT 100 2500  CPS 7000
640 T AMPL - amplitude
650 - API - American Petroleum
Institute
660 - . .

ATV - Acoustic televiewer
670+ log

BLS - below land surface
680 -

CPS - counts per second
690+ Den(SS) - short-spaced
700+ f density

.| WELL DESIGN
Refer to appendix A Den(LS)'- Iong-spaced
710+ Packer and ports locations referenced denS|ty
in fig. 7 (USGS 149)
. = ft - feet
720 | uTHoLosY
Described for 650 to 960 ft BLS -
7304 Estimated from ATV and Neutron Log Gam(N.at? natural gamma
Depth Intervals (Fractured vs Dense) radiation
7404 | Depth Interval in. - inches
| (feet BLS)
650 to 663 - Basalt (mostly dense) - H
750+ 663 to 667 - Basalt (fractured) Neutron hydmgen index
667 to 670 - Basalt (mostly dense) P .
- 670 to 686 - Basalt (fractured) Por(Neu) - liquid-filled
3 760+ 686 to 692 - Basalt (mostly dense) porosity
“— | 692 to 696 - Basalt (fractured)
[ 696 to 712 - Basalt (mostly dense) - :
';. 7707 —— 71210721 - Basalt (fractured) T_TIME - travel time
721 to 735 - Basalt (mostly dense) .
g 780- 735 to 743 - Basalt (fractured) LSEC - microsecond
= 743 to 756 - Basalt (mostly dense)
a 756 to 772 - Basalt (fractured)
il 772 t0 783 - Basalt (mostly dense) -
-g 790 .-+ 783t0 811 - Basalt (fractured) Well desmn
© - | 811to 819 - Basalt (mostly dense) .
- 8004 —| 819to0 833 - Basalt (fractured) | | MP55 Casmg
g | 833 to 849 - Basalt (mostly dense)
—d —| 849 to 853 - Basalt (fractured)
2 810 853 to 862 - Basalt (mostly dense) = MP35 Port
-| 862 to 871 - Basalt (fractured)
= 871 to 876 - Basalt (mostly dense) = VP55 Packer
= 820 - | 87610 882 - Basalt (fractured)
=) _| 882to 888 - Basalt (mostly dense)
888 to 911 - Basalt (fractured)
830+ === 911 to 920 - Basalt (mostly dense)
- | 920 to 924 - Basalt (fractured)
924 to 933 - Basalt (mostly dense)
840 933 to 936 - Basalt (fractured)
936 to 940 - Basalt (mostly dense)
| 940 to 947 - Basalt (fractured)
850 ___ | 947 to0 957 - Basalt (mostly dense)
“| 957 to 960 - Basalt (fractured)
860' g2 <
%
870+
é
880+
%
890 7
.
900+ %
910+ _é
920+ %
930+ 7
940+ /
7
950 7
%
960- ‘

Figure9. Expanded geophysical and lithologic logs with focus on depths 640-960 feet below land surface for borehole USGS 149,
Materials and Fuels Complex, Idaho National Laboratory, Idaho. USGS, U.S. Geological Survey.



18 Completion Summary for Boreholes USGS 148, 148A, and 149, Idaho National Laboratory, Idaho

Acoustic Televiewer Logs

An ATV probe was used in borehole USGS 149 to gener-
ate an image of the borehole walls (fig. 9; table 2). High-
resolution images are obtained from the ATV probe by rotating
a transducer that transmits digital ultrasonic pulses. The transit
time (T _Time) and amplitude of the reflected acoustic signal
are recorded as photographic-like images. The ATV probe
also can be used to collect data in water- or light mud-filled
boreholes. Lithologic changes, foliations, bedding planes, and
sealed fractures may be detected even when there is no change
in the borehole diameter if there is sufficient acoustic contrast
(Williams and Johnson, 2004). The ATV and neutron logs are
shown together to indicate the location of fractures, relative
fracture density, and fracture thickness (fig. 9). A detailed
analysis of fracture orientation and aperture was not completed
in this report.

Centralizers were attached to the ATV probe to center the
probe inside the open borehole. The ATV probe recorded data
for the saturated section of the cored borehole. The borehole
diameter (4.8 in.) was adequate for the ATV probe as it was
within the suggested diameter range of 2.9-9.0-in. (Williams
and Johnson, 2004). To maximize the image quality, the ATV
probe was trolled upward at 3—4 feet per minute with the data
collection interval set at 0.02 ft per measurement. The ATV
image data for borehole USGS 149 seem to correlate well with
neutron logs shown in fig. 9. Basalt flow contacts and areas
of dense basalt were well imaged for the section from 655.0
t0 959.0 ft BLS in borehole USGS 149. The ATV image data

display dense and lightly fractured basalt intervals that were
also used to determine the location for packers prior to instal-
lation of the multilevel monitoring system (fig. 9).

Gyroscopic Deviation Survey

A borehole gyroscopic deviation survey was completed
for boreholes USGS 148A and 149 to determine well bore
deviations and the projected well bore path (fig. 10). The
gyroscopic deviation survey procedure and equations used to
compute calculated offset, northing, easting, distance, and azi-
muth are described in Twining (2016). Gyroscopic deviation
data were continuously collected at regularly spaced intervals
of 0.2 ft and processed using the software supplied by the tool
manufacture.

Gyroscopic deviation data for boreholes USGS 148A
and 149 are shown in 100-ft increments (table 3; fig. 10). The
calculated offset accounts for horizontal and vertical displace-
ments at various depths for each borehole (table 3); however,
the calculated offset near the approximate depth to water was
0.19 ft in borehole USGS 148A and 0.11 ft in borehole USGS
149 (table 3). A water-level correction is required when the
gyroscopic deviation survey calculates an offset exceeding
0.20 ft (Twining, 2016). No water-level correction was neces-
sary for borehole USGS 148A or USGS 149 because the offset
in both boreholes was less than 0.20 ft. Details of the gyro-
scopic deviation survey data are presented in 50-ft increments
near the estimated depth to water and near the total completion
depth (table 3).
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o Borehole USGS 148A gyro deviation measurement
at 100-foot increments

o Borehole USGS 149 gyro deviation measurement
at 100-foot increments

Figure 10. Gyroscopic deviation survey data for boreholes USGS 148A and 149 plotted as profiles in a bull's-eye view that
shows horizontal offset and direction, Materials and Fuels Complex, Idaho National Laboratory, Idaho. USGS, U.S. Geological

Survey.
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Table 3. Gyroscopic deviation survey data shown in 50-foot increments for boreholes USGS 148A and 149, Materials and Fuels
Complex, Idaho National Laboratory, Idaho.

[Borehole deviation profile is shown in figure 10. Open (USGS 148A) and solid black (USGS 149) circles represent measurements taken at 50-foot increments.
Survey was done using a Century Geophysical Corporation™ 9095 logging tool with magnetic declination was set at constant 12.5 degrees. Local name is the
local well identifier used in this study. CD (cable depth) is reported from wireline depth. TVD (true vertical depth) is computed depth using average angles equa-
tion (Twining, 2016). CO (calculated offset) is computed (CD-TVD). Northing, Easting, Distance, and Azimuth are computed from the well path survey using
SANG and SANGB data. Abbreviations: BLS, below land surface; ft, feet; deg, degrees; SANG, inclination or slant angle; SANGB, azimuth or slant angle
bearing from well survey; USGS, U.S. Geological Survey]

CD TVD CO0 (CD-TVD) Northing Easting Distance Azimuth SANG SANGB

(ft BLS) (ft BLS) (ft) (ft) (ft) (ft) (deg) (deg) (deg)
Local name—USGS 148a
50 50.00 0.00 0.0 0.5 0.5 86.1 1.3 81.4
100 99.98 0.02 0.3 1.8 1.8 80.6 1.5 75.4
150 149.96 0.04 0.6 3.1 3.1 78.4 1.6 77.5
200 199.95 0.05 1.0 4.2 4.3 76.1 1.4 63.9
250 249.93 0.07 1.6 53 5.6 73.3 1.4 61.7
300 299.91 0.09 2.2 6.5 6.9 71.0 1.5 60.9
350 349.89 0.11 2.9 7.7 8.2 69.2 1.6 63.0
400 399.88 0.12 3.5 8.8 9.5 68.2 1.5 59.7
450 449.86 0.14 4.2 9.9 10.8 67.2 1.4 60.2
500 499.85 0.15 4.8 11.0 11.9 66.5 1.3 61.5
550 549.83 0.17 5.2 11.9 13.0 66.4 1.2 68.3
600 599.82 0.18 5.6 12.9 14.0 66.5 1.1 69.5
650 649.82 0.18 5.9 13.7 14.9 66.7 0.9 78.0
663 662.81 0.19 5.9 13.9 15.1 66.9 1.0 86.2
700 699.81 0.19 6.0 14.5 15.7 67.6 0.9 933
750 749.80 0.20 6.1 15.5 16.6 68.6 1.4 87.6
Local name—USGS 149

50 49.99 0.01 -0.7 -0.2 0.7 200.1 0.6 159.7
100 99.99 0.01 -1.4 -0.1 1.4 184.8 1.0 164.5
150 149.98 0.02 2.1 0.4 2.1 169.9 0.9 167.9
200 199.97 0.03 2.7 0.6 2.8 168.2 1.3 195.0
250 249.96 0.04 -3.7 0.5 3.8 172.1 1.4 186.5
300 299.95 0.05 —4.7 0.5 4.7 173.5 1.3 205.7
350 349.94 0.06 -5.5 0.6 5.5 173.9 0.9 167.1
400 399.94 0.06 -6.1 0.7 6.2 173.1 1.1 179.2
450 449.93 0.07 -7.0 0.7 7.1 174.3 0.9 179.3
500 499.92 0.08 -7.8 0.5 7.9 176.3 1.0 194.2
550 549.92 0.08 -8.7 0.3 8.7 177.9 1.0 190.9
600 599.90 0.10 -9.7 0.2 9.7 178.7 1.1 178.3
650 649.89 0.11 -10.7 0.3 10.7 178.7 1.1 179.2
654 653.89 0.11 -10.8 0.3 10.8 178.7 1.1 173.6
700 699.88 0.12 -11.8 0.3 11.8 178.5 1.2 174.5
750 749.88 0.12 -12.6 0.3 12.6 178.8 0.8 173.4
800 799.87 0.13 -13.2 0.4 13.2 178.3 0.8 162.9
850 849.87 0.13 -13.8 0.5 13.8 177.8 0.7 169.3
900 899.86 0.14 -14.4 0.6 14.4 177.5 0.7 173.8

950 949.86 0.14 -15.0 0.7 15.0 177.5 0.9 183.3




Single-Well Aquifer Test

A single-well aquifer test was completed during
November 67, 2019, in monitoring well USGS 148A. Well
USGS 148A was pumped continuously for about 21.3 hours
(1,279 minutes), starting at 1300 hours on November 6, 2019,
and ending at 1020 hours on November 7, 2019. The final
construction for well USGS 148A includes a 4.8-in.-diameter
open hole, extending from 654 to 759 ft BLS with partial
penetration of the ESRP aquifer (figs. 4, 8). Geophysical
and lithologic logging records for well USGS 148A (fig. 8)
indicate a complex fractured basalt stratigraphy. Primary flow
paths for groundwater are thought to occur along intervals of
fractured and vesicular basalt starting near 667, 673, 681, 695,
718, 728 and 734 ft BLS, with little to no flow within dense
basalt intervals.

Single-Well Aquifer Test Procedures

During the single-well aquifer test in the well USGS
148A fluid pressure head, barometric pressure, fluid tempera-
ture, and air temperature were measured continuously over
1-minute intervals. The fluid pressure heads, ¥, , . and fluid
temperature were measured using a self-contained datalogger
suspended on a direct read cable. The datalogger was placed
inside a 1-in. SS water-level line the day before testing started
and was submersed about 20 ft below the water table (figs.

11, 124). The datalogger deployed for the single-well aquifer
test was the Model 3001 Solinst® Levelogger®, F65/M20,
with full-scale range specified at 65.5 ft and a stated accuracy
of plus or minus (+) 0.03 ft. The barometric pressure, ¥,
and air temperature were measured using a self-contained
atmospheric pressure and temperature datalogger suspended
inside the casing, about 8 ft down the well (figs. 11, 12B). The
barologger deployed for the aquifer test was the Model 3001
Solinst® Barologger®, F5/M1.5, with an operating temperature
range of -20—80 degrees Celsius and stated accuracy of =0.01
pounds per square inch.

The compensated fluid pressure head, ¥, was obtained by
subtracting the fluid pressure head, ¥, ,,, from the baromet-
ric pressure, ¥, (eq. 1). Compensated fluid pressure head
computation was done using the software provided by Solinst®
and calculated using the following equation (fig. 124):

\V = Wwﬂztm - ‘Vatm’ (1)

where

Y  is the compensated fluid pressure head,
is the fluid pressure head, and
is the barometric pressure.

v

wtatm

v

atm
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Manual water-level measurements were collected using
an electric tape during the early and late part of the pumping
test. The electric tape probe was lowered down the same 1-in.
SS measurement line as the datalogger used to measure fluid
pressure head (fig. 11). The manual water-level measurements
were not collected throughout the entire test, but attempts
were made to collect early and late time measurements as time
permitted to supplement compensated fluid pressure readings.
Compensated fluid pressure readings after the submersible
pump was turned off (recovery data) were collected but not
analyzed. Additionally, no manual water-level measurements
were collected after the pump was turned off.

The flow rate, O, associated with well discharge was
monitored periodically using a Blue White® F-2000 paddle-
wheel flowmeter sensor (figs. 11, 13). Measurements were
collected manually using a bucket and stopwatch during the
first 10 minutes of testing because of a stopwatch malfunc-
tion in the flow sensor. However, the flowmeter was restarted
13 minutes into the single-well aquifer test and used to report
the flow rate, O, during the remainder of the test (fig. 13).
Measured flow rates remained relatively constant throughout
the test, averaging 16.0 gallons per minute (gal/min) or 2.14
cubic feet per minute. Measured discharges ranged from 15.7
to 16.1 gal/min (fig. 13). Purge water generated during the
pumping test was discharged to the ground.

Analysis of Single-Well Aquifer Test Data

Single-well aquifer test results from monitoring well
USGS 148A were analyzed using the Cooper-Jacob method of
curve fitting (Cooper and Jacob, 1946) to estimate transmis-
sivity. The Cooper-Jacob method (Cooper and Jacob, 1946), a
simplification of the Theis solution, assumes that the pumping
well fully penetrates a confined, homogeneous, and isotropic
aquifer of infinite extent. Hydrologic conditions at well USGS
148A depart greatly from the Theis (1935) model given that
the well partially penetrates an unconfined heterogeneous
anisotropic aquifer. The Cooper-Jacob method was used,
regardless of the differences between field conditions and
theory, for its simplicity. In an analysis of single-well tests,
Halford and others (2006) reported that the Cooper-Jacob
method (Cooper and Jacob, 1946) is well-suited for estimating
hydraulic properties.

The Cooper-Jacob method (Cooper and Jacob, 1946)
estimates transmissivity by fitting a straight line to water-level
drawdown measurements on a linear y-axis compared to time
on a logarithmic x-axis. Transmissivity, T, is determined from
the slope of the straight line using the following equation:

2301
T dx oAs 2

where
(0] is the pumping rate, and
As is the log cycle drawdown.
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Figure 11. Idealized schematic showing pressure sensor and pump
placement during the single-well aquifer test at well USGS 148A, Materials
and Fuels Complex, Idaho National Laboratory, Idaho (modified from Twining
and others, 2014).
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Figure 12. Changes in (A) compensated pressure head and fluid temperature, and (B) barometric
pressure and air temperature through time, during the single-well aquifer test in well USGS 148A,
Materials and Fuels Complex, Idaho National Laboratory, Idaho, November 6-7, 2019.
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Figure 13. Measured pumping rates during the single-well aquifer test at well USGS 148A, Materials and Fuels Complex, Idaho

National Laboratory, Idaho, November 6-7, 2019.

The drawdown in the well, s, at any given time, ¢, is
determined by subtracting the pressure head at time ¢ from
the initial pressure head prior to pumping, ¥,. Drawdown as a
function of time was calculated using the following equation:

s = y,— y®. 3)

Hydraulic conductivity was estimated using the aquifer
thickness from table 1 rather than the tested water column
length (table 1). Halford and others (2006) reported that, in
most instances, dividing the total estimated aquifer thickness
produced more realistic transmissivity estimates than water
column length for unconfined aquifers with partial penetration.
The hydraulic conductivity was calculated using the following
equation:

_r
where
K s the hydraulic conductivity,
T s the transmissivity, and

b 1is the aquifer thickness.

Hydraulic Property Estimates

Hydraulic properties, transmissivity, and hydraulic con-
ductivity were estimated for the single-well aquifer test at well
USGS 148A. To estimate drawdown that occurred during the
test, manual water-level measurements and compensated fluid
pressure measurements taken from 250 to 650 minutes into the
test were considered. The manual water-level measurements
show an estimated drawdown (As) of 0.09 ft (fig. 14). The
measured water-level collected during the test ranged from
663.59 ft BLS before the single-well test started to 663.68 ft
BLS at 1,278 minutes into test. Manual water-level measure-
ments suggest the water levels mostly were stable after about
the first 15 minutes (fig. 14).

Compensated fluid pressure measurements, shown as
drawdown, indicated early and late time drawdown irregulari-
ties for well USGS 148A (figs. 124, 14). Compensated fluid
pressure readings indicate a water-level rise during the first
250 minutes (early time data), water-level decline from 250
to 650 minutes, and water-level rise again after 650 minutes
(late time data) into the single-well aquifer test. Early and late
time compensated fluid pressure readings were ignored and
disagreed with manual measurement data collected; however,
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Figure 14. Single-well aquifer test drawdown, represented as compensated fluid pressure and manual water-level measurements
over time collected for well USGS 148A, Materials and Fuels Complex, Idaho National Laboratory, Idaho, November 6-7, 2019. R?,

coefficient of determination.

compensated fluid pressure readings for this study assume a
barometric efficiency of 100 percent and likely do not accu-
rately represent the actual fluid pressure response to baromet-
ric pressure. The general response to increased barometric
pressure is a water-level decline and the opposite is true when
a decrease in barometric pressure is measured. A better esti-
mate of barometric efficiency is required to better understand
the compensated fluid pressure response when early and late
time data are ignored, but this estimate was not made as part
of this study. Instead, the estimated drawdown was considered
using manual measurement data and select compensated fluid
pressure readings. This approach was not ideal, but it provided
a reasonable solution to this complex dataset where the overall
water-level response to pumping was minimal. Approximately
0.09 ft of drawdown occurred in well USGS 148 over 400
minutes (250-650 minutes) (fig. 14). Taking into consideration
reported drawdown of less than 0.10 ft, the stated accuracy of

the pressure transducer (+0.03 ft), and the barometric effect
on water levels over the testing period, the reported drawdown
(As) of 0.09 ft is considered reasonable (fig. 14).

Given the limitations of the data collected, the Cooper-
Jacob method was used to approximate transmissivity. Not
all data were honored and only select data were used to fit the
semilog slopes. The estimated Cooper-Jacob transmissivity
considered the change in drawdown (As) over a partial log
cycle (250-650 minutes), but also considered agreement with
manual water-level measurements.

The Cooper-Jacob method (Cooper and Jacob, 1946) was
applied to the aquifer test data in figure 14. Transmissivity and
hydraulic conductivity were estimated at 6.34x103 ft*/day and
3.17 feet per day (ft/day), respectively. An aquifer thickness of
2,000 ft was selected to estimate hydraulic conductivity, which
was based on the bottom of the aquifer as interpreted from
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geophysical surveys (Whitehead, 1992; Ackerman and others,

2010). Calculations of these two parameters (eqs. 2 and 4) are

shown as follows:

2301 2.3 x2.14ft3/min

dr As 47 x 0.09ft

=44 ft?/min  or 6.34 x 103ft>/day

K = T _ 4.4 ft?/min
b 2000 ft

=22x1073ft/min or

T =

3.17 ft/day

A comparison of transmissivity values calculated for well
USGS 148A and values determined from previous aquifer tests
at two wells near well USGS 148A suggests reasonable agree-
ment (fig. 1; table 4). Aquifer test data near well USGS 148A
show transmissivity ranges from 1.4x10% to 5.6x105 ft*/day,
based on two test values (Ackerman, 1991). The estimated
transmissivity for well USGS 148A was slightly lower than
other wells presented in table 4, but within a reasonable range
presented for other aquifer tests done at the INL (Ackerman,
1991; Twining and Maimer, 2019). The average USGS 148A
hydraulic conductivity value was well within the range of
values reported in the literature for similar rock types; Freeze
and Cherry (1979) reported hydraulic-conductivity values for
permeable basalt ranging from 5.7x102 to 5.7x103 ft/day. The
hydraulic conductivity of the ESRP aquifer at or near the INL
ranged from about 1.0x10-2 to 3.2x10* ft/day (Anderson and
others, 1999).

Water-Quality Sample Collection

Sample Collection Methods

Water-quality samples were collected during
November 4-5, 2019, from well USGS 149 and on
November 7, 2019, from USGS 148A (table 5) after the wells
were purged for about 21 hours and stable readings of pH,
water temperature, and specific conductance were recorded.
Water-quality samples were collected from four multilevel
monitoring ports, located within discrete zones, in well USGS
149 (app. 1). Water-quality samples were collected from a
0.25-in. diameter SS sample port at USGS 148A, which was

Table 4.
Complex, Idaho National Laboratory, Idaho.

installed from piping at the wellhead after the well was purged
with a submersible pump and field measurements were stable.
The constituents sampled after well completion were selected
to provide a characterization of baseline water chemistry and
radionuclide concentrations. Field measurements of water and
air temperature, pH, specific conductance, dissolved oxygen,
and alkalinity were collected prior to sampling (table 5).
Samples from select zones within well USGS 149 were
collected from 4 separate ports by lowering pre-cleaned SS
sample bottles to each zone and filling and then processing
them as described in Bartholomay and others (2014, p 15).
Water-quality sample collection at well USGS 148A
and 149 generally followed guidelines documented in the
USGS National Field Manual for the Collection of Water-
Quality Data (U.S. Geological Survey, variously dated) and
Bartholomay and others (2014). Water-quality samples were
processed in the field according to protocols for the con-
stituents for which analyses were requested. Samples to be
analyzed for chemical constituents by the USGS National
Water Quality Laboratory (NWQL) were placed in contain-
ers and preserved in accordance with laboratory requirements
specified by Bartholomay and others (2014, appendix A).
Containers and preservatives were supplied by the NWQL
and underwent rigorous quality-control procedure (Pritt,
1989, p. 75) to minimize sample contamination. Samples
requiring field filtration were filtered through a disposable
0.45-micrometer cartridge pre-rinsed with at least 2 liters of
deionized water. Water samples analyzed for radionuclides
were placed in containers and preserved in accordance with
laboratory requirements specified by Bodnar and Percival
(1982) and Bartholomay and others (2014, appendix A) prior
to being sent to the Radiological and Environmental Sciences
Laboratory (RESL) at the INL. Water samples for stable
isotopes of oxygen and hydrogen were collected in bottles pro-
vided by the NWQL and shipped to the USGS Reston Stable
Isotope Laboratory (RSIL)-Isotope Fractionation Project
in Reston, Virginia, for analysis. The samples for uranium
isotopes were collected in bottles provided by the NWQL and
shipped to Australian Laboratory Services Environmental in
Fort Collins, Colorado. Water samples for tritium were col-
lected in bottles provided by the NWQL and shipped to the
USGS Menlo Park Research Laboratory for analyses.

Comparison of transmissivity values estimated from aquifer tests done at wells near USGS 148A, Materials and Fuels

[Locations of wells are shown in figure 1. Local name: Local well identifier used in this study. Site identifier: Unique numerical identifiers used to access well
data (U.S. Geological Survey, 2021). Latitude and Longitude: In degrees, minutes, and seconds based on the North American Datum of 1983. Transmissivity:
Values are from aquifer tests presented in Ackerman (1991). Distance to USGS 148A: Straight-line distance within the aerial dimension to the USGS 148A
well. Abbreviations: USGS, U.S. Geological Survey; ft?/d; feet squared per day; mi, mile]

. - . . Transmissivity Distance to
Local name Site identifier Longitude Latitude (f2/d) USGS 148 (mi)
Arbor Test 433509112384801 112°38'48.01” 43°35'08.92” 5.6x10° 0.6
USGS 100 433503112400701 112°40'06.67” 43°35'02.72” 1.4x10* 1.1
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Table 5. Concentrations of selected chemical and radiochemical constituents in water from well USGS 148A and select zones from
multilevel well USGS 149, Materials and Fuels Complex, Idaho National Laboratory, Idaho, November 4-7, 2019.

[See figure 1 for well location and figure 5 for multilevel well USGS 149 zones (Z1, Z3, Z5, and Z8) with data access through the National Water Information
System (U.S. Geological Survey, 2021). Dates are in mm-dd-yyyy format, indicating month, day, year. Analytical results are in micrograms per liter unless noted
otherwise. Bicarbonate data were calculated from alkalinity field measurements—alkalinity divided by 0.8202 (Hem, 1989, p. 57). Samples were analyzed at the
USGS National Water Quality Laboratory in Lakewood, Colorado, unless otherwise indicated. Uncertainty of radiochemical constituents is 1 times the estimated
sample standard deviation (1 s). Uncertainty of deuterium and oxygen-18 is +1.5 per mil. Concentrations that met or exceeded the reporting level of 3 times the

1 s value are shown in boldface type. Abbreviations and symbols: CaCOj,, calcium carbonate; CFC, chlorofluorocarbon; Menlo, USGS Menlo Park Tritium
Laboratory, California; MTBE, methyl tert-butyl ether; N, nitrogen; P, phosphorus; RESL, Radiological and Environmental Sciences Laboratory; RSIL, USGS
Reston Stable Isotope Laboratory, Virginia; USGS, U.S. Geological Survey; deg °C, degrees Celsius; pS/cm, microsiemens per centimeter; mg/L, milligrams per
liter; NTU, nephelometric turbidity units; pCi/L, picocuries per liter; NA, not applicable; <, less than; +, plus or minus]

Constituent or measurement USGS 148A USGS 149 71 USGS 14973 USGS 149 75 USGS 149 78
11-07-2019 11-05-2019 11-05-2019 11-05-2019 11-04-2019

Port depth for well USGS 149 (feet) NA 973.7 892.7 805.4 721.3
Time (hhmm= hours, minutes) 0905 1505 1322 1143 1400
Water temperature (°C) 13.5 13.2 13.1 13.0 13.1
Air temperature (°C) 3.6 11.6 10.0 6.2 12.7
pH (field) 7.64 7.90 7.75 7.67 7.94
pH (laboratory) 8.25 8.17 8.09 8.15 8.17
Specific conductance (uS/cm) (field) 360 352 353 352 347
Specific conductance (uS/cm) (lab) 360 360 355 354 351
Dissolved oxygen (mg/L) 7.91 8.53 9.34 8.19 7.42
Turbidity (NTU) 0.46 1.38 2.14 1.12 1.38
Alkalinity (mg/L as CaCOs) 132 130 130 130 132
Bicarbonate (mg/L) 161 158 158 158 161
Hardness (mg/L as CaCO5) 146 146 144 144 139
Calcium (mg/L) 38.1 37.8 375 373 36.1
Magnesium (mg/L) 12.2 12.4 12.1 12.4 11.9
Potassium (mg/L) 3.26 3.28 3.19 3.14 3.01
Silica (mg/L) 342 34.5 344 342 33.6
Sodium (mg/L) 17.1 16.7 16.6 16.5 16.1
Bromide (mg/L) 0.04 0.04 0.03 0.04 0.04
Chloride (mg/L) 15.9 15.5 15.4 15.4 15.1
Fluoride (mg/L) 0.703 0.749 0.750 0.755 0.760
Sulfate (mg/L) 17.4 16.6 16.4 16.5 16.0
Ammonia as N (mg/L) <0.01 <0.01 <0.01 <0.01 <0.01
Nitrite as N (mg/L) <0.001 <0.001 <0.001 <0.001 <0.001
Nitrate plus nitrite as N (mg/L) 242 242 2.36 2.40 2.42
Orthophosphate as P (mg/L) 0.0192 0.0186 0.0189 0.025 0.0201
Aluminum 4 4 4 4 5
Antimony 0.09 0.10 0.10 0.10 0.11
Arsenic 2.2 2.0 2.0 2.2 2.1
Barium 34.5 325 32.6 324 315
Beryllium <0.01 <0.01 <0.01 <0.01 <0.01
Boron 48.4 47.9 48.3 48.3 47.1
Cadmium <0.03 <0.03 <0.03 <0.03 <0.03
Chromium 1.41 1.51 1.49 1.56 1.38
Cobalt <0.03 0.05 0.04 0.04 0.08

Copper <0.4 1.0 0.60 0.41 0.43
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Table 5. Concentrations of selected chemical and radiochemical constituents in water from well USGS 148A and select zones from
multilevel well USGS 149, Materials and Fuels Complex, Idaho National Laboratory, Idaho, November 4-7, 2019.—Continued

[See figure 1 for well location and figure 5 for multilevel well USGS 149 zones (Z1, Z3, Z5, and Z8) with data access through the National Water Information
System (U.S. Geological Survey, 2021). Dates are in mm-dd-yyyy format, indicating month, day, year. Analytical results are in micrograms per liter unless noted
otherwise. Bicarbonate data were calculated from alkalinity field measurements—alkalinity divided by 0.8202 (Hem, 1989, p. 57). Samples were analyzed at the
USGS National Water Quality Laboratory in Lakewood, Colorado, unless otherwise indicated. Uncertainty of radiochemical constituents is 1 times the estimated
sample standard deviation (1 s). Uncertainty of deuterium and oxygen-18 is £1.5 per mil. Concentrations that met or exceeded the reporting level of 3 times the

1 s value are shown in boldface type. Abbreviations and symbols: CaCOj, calcium carbonate; CFC, chlorofluorocarbon; Menlo, USGS Menlo Park Tritium
Laboratory, California; MTBE, methyl tert-butyl ether; N, nitrogen; P, phosphorus; RESL, Radiological and Environmental Sciences Laboratory; RSIL, USGS
Reston Stable Isotope Laboratory, Virginia; USGS, U.S. Geological Survey; deg °C, degrees Celsius; pS/cm, microsiemens per centimeter; mg/L, milligrams per
liter; NTU, nephelometric turbidity units; pCi/L, picocuries per liter; NA, not applicable; <, less than; +, plus or minus]

Constituent or measurement USGS 148A USGS 149 21 USGS 149 73 USGS 149 75 USGS 149 78
11-07-2019 11-05-2019 11-05-2019 11-05-2019 11-04-2019
Iron <10 <10 <10 <10 <10
Lead <0.02 <0.02 <0.02 <0.02 <0.02
Lithium 20.0 21.5 21.8 21.6 21.2
Manganese <0.4 0.5 <0.4 <0.4 <0.4
Mercury <0.005 <0.005 <0.005 <0.005 <0.005
Molybdenum 2.09 2.09 2.12 2.10 2.02
Nickel 0.29 0.42 0.32 0.30 0.30
Selenium 0.42 0.44 0.45 0.40 0.39
Silver <1 <1 <1 <1 <1
Strontium 134 128 128 128 121
Thallium <0.04 <0.04 <0.04 <0.04 <0.04
Tungsten 0.56 10.7 0.90 1.00 0.66
Uranium 2.18 1.78 1.78 1.76 1.68
Vanadium 5.5 52 5.2 5.4 5.3
Zinc 2 4 5 3 4
Tritium (pCi/L) (Menlo) 9.68 +1.03 8.91 +0.94 6.30 +0.93 8.05 +0.93 10.8 +1.03
Strontium-90 (pCi/L) (RESL) 1.8+0.9 1.7£1.0 1.8+0.9 1.3+£1.0 1.9+1.0
Cesium-137 (pCi/L) (RESL) 10 +£5 446 4 £5 7+7 8 +5
Gross alpha (pCi/L) (RESL) 242 342 242 242 242
Gross beta (pCi/L) (RESL) 3.3+0.8 2.8+0.8 1.8+0.7 2.7 £0.8 1.7 £0.8
Americium-241 (pCi/L) (RESL) -0.013+£0.014 -0.005 +£0.014 0.01 £0.019 -0.01 +£0.01 0.01 +0.02
Plutonium-238 (pCi/L) (RESL) —0.009 +0.006 -0.007 £0.012 0.005 +0.011 —0.005 +£0.008 0.006 +0.01
Plutonium-239, -240 (pCi/L) (RESL) —-0.005 +0.008 0.005 +0.014 0.01 +0.012 0.005 +0.008 0.012+0.017
Uranium-234 (pCi/L) 1.20 £0.122 1.18 £0.134 1.17 £0.135 1.31 +£0.148 1.20 £0.134
Uranium-235 (pCi/L) 0.044 +0.017 0.046 +£0.021 0.085 +0.029 0.015+0.018 0.023 +0.018
Uranium-238 (pCi/L) 0.702 +0.080 0.573 +0.081 0.486 +0.074 0.596 +0.084 0.557 +£0.078
Deuterium (per mil) (RSIL) —134 —-133 -132 -132 -133
Oxygen-18 (per mil) (RSIL) —17.54 -17.63 -17.54 -17.60 -17.55
Volatile organic compounds

Acrylonitrile <2.5 <2.5 <2.5 <2.5 <2.5
Benzene <0.1 <0.1 <0.1 <0.1 <0.1
Bromobenzene <0.2 <0.2 <0.2 <0.2 <0.2
Bromochloromethane <0.2 <0.2 <0.2 <0.2 <0.2
Bromomethane <0.3 <0.3 <0.3 <0.3 <0.3
CFC-11 <0.2 <0.2 <0.2 <0.2 <0.2
CFC-12 <0.2 <0.2 <0.2 <0.2 <0.2
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Table 5. Concentrations of selected chemical and radiochemical constituents in water from well USGS 148A and select zones from
multilevel well USGS 149, Materials and Fuels Complex, Idaho National Laboratory, Idaho, November 4-7, 2019.—Continued

[See figure 1 for well location and figure 5 for multilevel well USGS 149 zones (Z1, Z3, Z5, and Z8) with data access through the National Water Information
System (U.S. Geological Survey, 2021). Dates are in mm-dd-yyyy format, indicating month, day, year. Analytical results are in micrograms per liter unless noted
otherwise. Bicarbonate data were calculated from alkalinity field measurements—alkalinity divided by 0.8202 (Hem, 1989, p. 57). Samples were analyzed at the
USGS National Water Quality Laboratory in Lakewood, Colorado, unless otherwise indicated. Uncertainty of radiochemical constituents is 1 times the estimated
sample standard deviation (1 s). Uncertainty of deuterium and oxygen-18 is £1.5 per mil. Concentrations that met or exceeded the reporting level of 3 times the

1 s value are shown in boldface type. Abbreviations and symbols: CaCOj, calcium carbonate; CFC, chlorofluorocarbon; Menlo, USGS Menlo Park Tritium
Laboratory, California; MTBE, methyl tert-butyl ether; N, nitrogen; P, phosphorus; RESL, Radiological and Environmental Sciences Laboratory; RSIL, USGS
Reston Stable Isotope Laboratory, Virginia; USGS, U.S. Geological Survey; deg °C, degrees Celsius; pS/cm, microsiemens per centimeter; mg/L, milligrams per
liter; NTU, nephelometric turbidity units; pCi/L, picocuries per liter; NA, not applicable; <, less than; +, plus or minus]

Constituent or measurement USGS 148A USGS 149 21 USGS 149 73 USGS 149 75 USGS 149 78
11-07-2019 11-05-2019 11-05-2019 11-05-2019 11-04-2019
CFC-113 <0.1 <0.1 <0.1 <0.1 <0.1
CHBrCI12 <0.1 <0.1 <0.1 <0.1 <0.1
Chlorobenzene <0.1 <0.1 <0.1 <0.1 <0.1
Chloroethane <0.2 <0.2 <0.2 <0.2 <0.2
Chloromethane <0.2 <0.2 <0.2 <0.2 <0.2
cis-1,2-Dichloroethene <0.1 <0.1 <0.1 <0.1 <0.1
cis-1,3-Dichloropropene <0.2 <0.2 <0.2 <0.2 <0.2
Dibromochloropropane <0.5 <0.5 <0.5 <0.5 <0.5
Dibromochloromethane <0.2 <0.2 <0.2 <0.2 <0.2
Dibromomethane <0.2 <0.2 <0.2 <0.2 <0.2
Dichloromethane <0.2 <0.2 <0.2 <0.2 <0.2
Ethylbenzene <0.1 <0.1 <0.1 <0.1 <0.1
Hexachlorobutadiene <0.2 <0.2 <0.2 <0.2 <0.2
Isopropylbenzene <0.2 <0.2 <0.2 <0.2 <0.2
MTBE <0.2 <0.2 <0.2 <0.2 <0.2
Naphthalene <0.5 <0.5 <0.5 <0.5 <0.5
n-Butylbenzene <0.2 <0.2 <0.2 <0.2 <0.2
n-Propylbenzene <0.2 <0.2 <0.2 <0.2 <0.2
sec-Butylbenzene <0.2 <0.2 <0.2 <0.2 <0.2
Styrene <0.1 <0.1 <0.1 <0.1 <0.1
tert-Butylbenzene <0.2 <0.2 <0.2 <0.2 <0.2
Tetrachloroethene <0.1 <0.1 <0.1 <0.1 <0.1
Tetrachloromethane <0.2 <0.2 <0.2 <0.2 <0.2
Toluene <0.2 <0.2 <0.2 <0.2 <0.2
trans-1,2-Dichloroethene <0.1 <0.1 <0.1 <0.1 <0.1
trans-1,3-Dichloropropene <0.24 <0.24 <0.24 <0.24 <0.24
Tribromomethane <0.2 <0.2 <0.2 <0.2 <0.2
Trichloroethene <0.1 <0.1 <0.1 <0.1 <0.1
Trichloromethane <0.1 <0.1 <0.1 <0.1 <0.1
Vinyl chloride <0.2 <0.2 <0.2 <0.2 <0.2
Xylene <0.3 <0.3 <0.3 <0.3 <0.3
1,1,1-Trichloroethane <0.1 <0.1 <0.1 <0.1 <0.1
1,1,1,2-Tetrachloroethane <0.2 <0.2 <0.2 <0.2 <0.2
1,1,2,2-Tetrachloroethane <0.2 <0.2 <0.2 <0.2 <0.2
1,1,2-Trichloroethane <0.2 <0.2 <0.2 <0.2 <0.2

1,1-Dichloroethane <0.1 <0.1 <0.1 <0.1 <0.1
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Table 5. Concentrations of selected chemical and radiochemical constituents in water from well USGS 148A and select zones from
multilevel well USGS 149, Materials and Fuels Complex, Idaho National Laboratory, Idaho, November 4-7, 2019.—Continued

[See figure 1 for well location and figure 5 for multilevel well USGS 149 zones (Z1, Z3, Z5, and Z8) with data access through the National Water Information
System (U.S. Geological Survey, 2021). Dates are in mm-dd-yyyy format, indicating month, day, year. Analytical results are in micrograms per liter unless noted
otherwise. Bicarbonate data were calculated from alkalinity field measurements—alkalinity divided by 0.8202 (Hem, 1989, p. 57). Samples were analyzed at the
USGS National Water Quality Laboratory in Lakewood, Colorado, unless otherwise indicated. Uncertainty of radiochemical constituents is 1 times the estimated
sample standard deviation (1 s). Uncertainty of deuterium and oxygen-18 is £1.5 per mil. Concentrations that met or exceeded the reporting level of 3 times the

1 s value are shown in boldface type. Abbreviations and symbols: CaCOj, calcium carbonate; CFC, chlorofluorocarbon; Menlo, USGS Menlo Park Tritium
Laboratory, California; MTBE, methyl tert-butyl ether; N, nitrogen; P, phosphorus; RESL, Radiological and Environmental Sciences Laboratory; RSIL, USGS
Reston Stable Isotope Laboratory, Virginia; USGS, U.S. Geological Survey; deg °C, degrees Celsius; pS/cm, microsiemens per centimeter; mg/L, milligrams per
liter; NTU, nephelometric turbidity units; pCi/L, picocuries per liter; NA, not applicable; <, less than; +, plus or minus]

Constituent or measurement USGS 148A USGS 149 21 USGS 149 73 USGS 149 75 USGS 149 78
11-07-2019 11-05-2019 11-05-2019 11-05-2019 11-04-2019
1,1-Dichloroethene <0.1 <0.1 <0.1 <0.1 <0.1
1,1-Dichloropropene <0.2 <0.2 <0.2 <0.2 <0.2
1,2,3-Trichlorobenzene <0.2 <0.2 <0.2 <0.2 <0.2
1,2,3-Trichloropropane <0.2 <0.2 <0.2 <0.2 <0.2
1,2,4-Trichlorobenzene <0.2 <0.2 <0.2 <0.2 <0.2
1,2,4-Trimethylbenzene <0.2 <0.2 <0.2 <0.2 <0.2
1,2-Dibromoecthane <0.2 <0.2 <0.2 <0.2 <0.2
1,2-Dichlorobenzene <0.1 <0.1 <0.1 <0.1 <0.1
1,2-Dichloroethane <0.2 <0.2 <0.2 <0.2 <0.2
1,2-Dichloropropane <0.1 <0.1 <0.1 <0.1 <0.1
1,3-Dichlorobenzene <0.1 <0.1 <0.1 <0.1 <0.1
1,3-Dichloropropane <0.2 <0.2 <0.2 <0.2 <0.2
1,3,5-Trimethylbenzene <0.2 <0.2 <0.2 <0.2 <0.2
1,4-Dichlorobenzene <0.1 <0.1 <0.1 <0.1 <0.1
2-Chlorotoluene <0.2 <0.2 <0.2 <0.2 <0.2
2,2-Dichloropropane <0.2 <0.2 <0.2 <0.2 <0.2
4-Chlorotoluene <0.2 <0.2 <0.2 <0.2 <0.2
4-Isopropyltoluene <0.2 <0.2 <0.2 <0.2 <0.2

Analytical Methods Guidelines for Interpretation of Analytical

Results
Analytical methods used by the USGS for selected

organic, inorganic, and radionuclide constituents are described
by Goerlitz and Brown (1972), Thatcher and others (1977),
Wershaw and others (1987), Fishman and Friedman (1989),
Faires (1993), Fishman (1993), Rose and Schroeder (1995),
and McCurdy and others (2008). Analytical methods used for
selected isotopic constituents were summarized by Busenberg

Concentrations of radionuclides are reported with an
estimated sample standard deviation, s, which is obtained
by propagating sources of analytical uncertainty in mea-
surements. McCurdy and others (2008) provided details
on interpreting radiological data used by the USGS. The
guidelines for interpreting analytical results are based on an

and others (2000). A discussion of procedures and methods
used by the RESL for the analysis of radionuclides in water is
provided by Bodnar and Percival (1982), Sill and Sill (1994),
and the U.S. Department of Energy (1995).

extension of a method proposed by Currie (1984) that is given
in Bartholomay and others (2020). In this report, radionuclide
concentrations less than 3s are considered to be less than the
“reporting level.” The reporting level should not be confused
with the analytical method detection limit, which is based on
laboratory procedures.

Concentrations of inorganic and organic constituents are
reported with reference to detection limits or reporting limits,
respectively. Detection limits for inorganics were determined
using the detection and quantification calculation (DQCALC)



procedure as described in U.S. Geological Survey (2015) and
the reporting limits for organic constituents were determined
following the procedures described in Childress and oth-

ers (1999).

As a matter of convention, concentrations of stable
isotopes are reported as relative isotopic ratios (Toran, 1982).
Busenberg and others (2000) described stable isotope data in
more detail.

Inorganic Chemistry Data

Water-quality samples collected from well USGS 148A
and the four zones in USGS 149 were analyzed by the NWQL
for dissolved concentrations of cations, anions, and trace
elements (table 5). Cations analyzed in this study included
calcium, magnesium, potassium, silica, and sodium. Anions
analyzed in this study included bromide, chloride, fluoride,
and sulfate. Trace elements analyzed in this study included
aluminum, antimony, arsenic, barium, beryllium, boron,
cadmium, chromium, cobalt, copper, iron, lead, lithium,
manganese, mercury, molybdenum, nickel, selenium, silver,
strontium, thallium, tungsten, uranium, vanadium, and zinc.
Additionally, samples collected and sent to the NWQL were
analyzed for dissolved concentrations of ammonia as nitrogen
(N), nitrite as N, nitrate plus nitrite as N, and orthophosphate
as phosphorus (table 5).

Water-quality sample data collected from well USGS
148A indicate that calcium concentrations were 38.1 mil-
ligrams per liter (mg/L), potassium concentrations were 3.26
mg/L, silica concentrations were 34.2 mg/L, chloride concen-
trations were 15.9 mg/L, fluoride concentrations were 0.703
mg/L, and sulfate concentrations were 17.4 mg/L (table 5).
The nitrate plus nitrite as N concentration (2.42 mg/L) in
well USGS 148A was much larger than that of background-
water typical of the ESRP aquifer at the INL(0.995 mg/L;
Bartholomay and Hall, 2016); however, larger concentrations
also were detected in all four zones sampled in well USGS
149 (table 5). The large nitrate plus nitrite concentrations indi-
cate that the groundwater along the eastern side of the MFC
(fig. 1) is mostly eastern regional water that has some influ-
ence from upgradient anthropogenic processes. Cation and
anion chemical constituent concentrations in well USGS 148A
and all four zones in well USGS 149 show a calcium bicar-
bonate water chemistry (fig. 15). Rattray (2019) indicated that
the water in this part of the aquifer is mostly eastern regional
water with some minor influence from precipitation and irriga-
tion return flow.

Organic Chemistry Data

Water-quality samples collected from wells USGS 148A
and 149 were analyzed at the NWQL for volatile organic
compounds (VOCs). All the VOCs had concentrations less

Water-Quality Sample Collection 3

than their laboratory MRLs (table 5), indicating that there is
no organic contamination issue in the eastern part of the MFC
and no remnant organics from the drilling process.

Stable Isotope Data

Water samples collected from wells USGS 148A and
149 were analyzed at the RSIL for relative concentrations of
the stable isotopes of deuterium (?H) and oxygen-18 (180).
Because the absolute measurement of isotopic ratios is analyti-
cally difficult, relative isotopic ratios were measured instead
(Toran, 1982) and are expressed in delta notation as part per
mil (part per thousand difference). For example, the '80/160 of
a sample is compared with the '80/'°0O of a standard:

380 = (Rsx‘amp/e/Rstandaml—1)>< 1 30003 (5)
where
R ympie 18 the 1O/!°0 ratio in the sample,
R is the 180/160 ratio in the standard, and

standard

Delta (8) 80 s the relative concentration, in units of parts

per thousand.

Delta (8) '80 is referred to as delta notation; it is the value
reported by isotopic laboratories for stable isotope analysis.
2H/'H is defined in a similar manner with the respective ratios
replacing "*0/1°O in R, ;. and R, 4,,.- The standard used for
determining 6 '®0 and 6 2H in water is standard mean ocean
water as defined by Craig (1961).

Stable isotopes were compared between wells USGS
148A and 149 to determine possible recharge sources and the
relation of groundwater between the two wells. Stable isotope
concentration data for deuterium and oxygen-18 samples col-
lected from well USGS 148A were —134 and —17.54 per mil,
respectively. Concentrations in all four zones of well USGS
149 were similar for oxygen-18 and slightly greater than in
well USGS 148A, except in well USGS 149 (zone 3), which
shows an equivalent concentration (table 5). Deuterium con-
centrations in all four zones of well USGS 149 were slightly
greater than in well USGS 148A (table 5). Concentrations
of deuterium and oxygen-18 isotopes were most similar to
stable isotopes in Mud Lake surface water (Ott and others,
1994, table 4). Measured Mud Lake water shows enriched
stable isotopes related to recirculation of irrigation water
(Rattray, 2018).

Radiochemical Data

Water-quality samples collected from wells USGS
148A and 149 were analyzed at the RESL for strontium-90;
gross alpha, beta, and gamma radioactivity; plutonium-238,
and plutonium-239, -240 (undivided); and americium-241.
Additionally, water-quality samples were analyzed for
tritium and uranium isotopes at the USGS Menlo Park
Research Laboratory and USGS NWQL contract laboratory,
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Figure 15. Cation and anion water chemistry for well USGS 148A and within four discrete zones in multilevel well USGS 149,

Materials and Fuels Complex, Idaho National Laboratory, Idaho.

respectively (table 5). The concentrations of all radionuclides
analyzed except for the following were less than the reporting
level: tritium, gross beta, and uranium-234 and -238 (table 5).
Concentrations of uranium-234, 238, and tritium were at back-
ground levels for the eastern regional Snake River Plain aqui-
fer water at the INL (Bartholomay and Hall, 2016, table 1).

Summary

In 2019, the U.S. Geological Survey (USGS), in coop-
eration with the U.S. Department of Energy, drilled and
constructed boreholes USGS 148A and 149 for stratigraphic
framework analyses and long-term groundwater monitoring of

the eastern Snake River Plain aquifer at the Idaho National
Laboratory in southeastern Idaho. Boreholes USGS 148A and
149 initially were cored to collect continuous geologic data
and then repurposed as monitoring wells following construc-
tion and data collection. On completion of data collection,
well USGS 148A was repurposed as a monitoring well. Well
USGS 149 was repurposed as a multilevel monitoring well
configured with one continuous system that allows for water
sampling and collection of pressure head and fluid temperature
from discrete zones and from multiple depths within a single
borehole.

Core material was collected at both borehole locations,
starting from the first basalt contact to total depth. Drilling
mud was used to help improve recovery and grout was used



to stabilize difficult sections of the borehole to advance core
drilling. Borehole USGS 149 was continuously cored, starting
at 6.5 feet (ft) to a final construction depth of 973.7 ft below
land surface (BLS). Boreholes USGS 148 and 148A originate
from the same surface location; however, the section of bore-
hole USGS 148 from 136.3 to 264.1 ft BLS was abandoned
during the construction. Borehole USGS 148A was continu-
ously cored from 136.3 ft to 759.2 ft BLS.

Excluding surface sediment, more than 96 percent of
basalt and sediment core was recovered at borehole USGS
148 A and more than 98 percent was recovered at borehole
USGS 149. The core material was composed mostly of basalt
with thin sediment layers located within the unsaturated zone.
Basalt texture for both borehole locations was described as
aphanitic, phaneritic, and porphyritic. Basalt flows varied
from highly fractured to dense with high to low vesiculation.
Excluding surface sediment, five sediment layers are described
for borehole USGS 148A, ranging from 1.0 to 6.8 ft in thick-
ness. Six sediment layers were described for borehole USGS
149, ranging from 0.2 to 7.3 ft in thickness. Sediment-layer
location and thickness, described for boreholes USGS 149 and
148A, were very similar. With the exception of an ash layer
described near 35.1 ft BLS and a sandstone layer described
near 579.6 ft BLS in borehole USGS 149, the general com-
position of sediment at both borehole locations is composed
mostly of fine-grained sand, silt, and clay deposits that were
extremely firm and structureless.

Geophysical and borehole video logs were collected by
the USGS after core drilling at boreholes USGS 148A and
149. Geophysical logs were examined in conjunction with
the core material to suggest the occurrence of fractured and
(or) vesiculated basalt, dense basalt, and sediment layering in
the saturated and unsaturated zones. Additionally, gyroscopic
deviation measurements were used to evaluate each borehole
trajectory by measuring the horizontal and vertical displace-
ment within boreholes USGS 148A and 149.

A single-well aquifer test was done during
November 6-7, 2019, following construction at well USGS
148A. Estimates for transmissivity and hydraulic conductiv-
ity were 6.34 x103 feet squared per day and 3.17 feet per day,
respectively. The aquifer test was run overnight (21.3 hours)
and measured drawdown was relatively small (0.09 ft) at
sustained pumping rates ranging from 15.7 to 16.1 gallons
per minute. The transmissivity estimates for well USGS 148A
were comparable to those determined from previous aquifer
tests for wells near the Materials and Fuels Complex.

Water samples were analyzed for cations, anions, metals,
nutrients, volatile organic compounds, stable isotopes, and
radionuclides. Water samples for most of the inorganic con-
stituents showed similar chemistry in USGS 148A and all four
zones in USGS 149. Water samples for stable isotopes of oxy-
gen and hydrogen indicated possible influence of irrigation on
the water quality. Nitrate plus nitrite concentrations indicated
influence from anthropogenic sources. The volatile organic
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compound and radiochemical data indicated that these wells
had no detectable influence from wastewater disposal practices
at the Materials and Fuels Complex or from drilling.

References Cited

Ackerman, D.J., 1991, Transmissivity of the Snake River
Plain aquifer at the Idaho National Engineering Laboratory,
Idaho: U.S. Geological Survey Water-Resources
Investigations Report 91-4058 (DOE/ID-22097), 35 p.
[Also available at https://doi.org/10.3133/wri914058.]

Ackerman, D.J., Rattray, G.W., Rousseau, J.P., Davis, L.C.,
and Orr, B.R., 2006, A conceptual model of ground-water
flow in the eastern Snake River Plain aquifer at the Idaho
National Laboratory and vicinity with implications for
contaminant transport: U.S. Geological Survey Scientific
Investigations Report 2006-5122, 62 p. [Also available at
https://doi.org/10.3133/sir20065122.]

Ackerman, D.J., Rousseau, J.P., Rattray, G.W., and Fisher,
J.C., 2010, Steady-state and transient models of ground-
water flow and advective transport, Eastern Snake River
Plain aquifer, Idaho National Laboratory and vicinity,
Idaho: U.S. Geological Survey Scientific Investigations
Report 2010-5123, 220 p. [Also available at https://doi.org/
10.3133/sir20105123.]

Anderson, S.R., Kuntz, M.A., and Davis, L.C., 1999, Geologic
controls of hydraulic conductivity in the Snake River Plain
aquifer at and near the Idaho National Engineering and
Environmental Laboratory, Idaho: U.S. Geological Survey
Water-Resources Investigations Report 99-4033 (DOE/
ID-22155), 38 p. [Also available at https://doi.org/10.3133/
wri994033.]

Anderson, S.R., and Liszewski, M.J., 1997, Stratigraphy of
the unsaturated zone and the Snake River Plain aquifer at
and near the Idaho National Engineering Laboratory, Idaho:
U.S. Geological Survey Water-Resources Investigations
Report 974183 (DOE/ID-22142), 65 p. [Also available at
https://doi.org/10.3133/wri974183.]

Bartholomay, R.C., and Hall, L.F., 2016, Evaluation of back-
ground concentrations of selected chemical and radiochemi-
cal constituents in water from the eastern Snake River Plain
aquifer at and near the Idaho National Laboratory, Idaho:
U.S. Geological Survey Scientific Investigations Report
20165056 (DOE/ID-22237), 19 p. [Also available at
https://doi.org/10.3133/sir20165056.]


https://doi.org/10.3133/wri914058
https://doi.org/10.3133/sir20065122
https://doi.org/10.3133/sir20105123
https://doi.org/10.3133/sir20105123
https://doi.org/10.3133/wri994033
https://doi.org/10.3133/wri994033
https://doi.org/10.3133/wri974183
https://doi.org/10.3133/sir20165056

34 Completion Summary for Boreholes USGS 148, 148A, and 149, Idaho National Laboratory, Idaho

Bartholomay, R.C., Maimer, N.V., Rattray, G.W., and Fisher,
J.C., 2020, An update of hydrologic conditions and dis-
tribution of selected constituents in water, eastern Snake
River Plain aquifer and perched groundwater zones,
Idaho National Laboratory, Idaho, emphasis 2016—18:
U.S. Geological Survey Scientific Investigations Report
2019-5149 (DOE/ID-22251), 82 p. [Also available at
https://doi.org/10.3133/sir20195149.]

Bartholomay, R.C., Maimer, N.V., and Wehnke, A.J., 2014,
Field methods and quality-assurance plan for water-
quality activities and water-level measurements, U.S.
Geological Survey, Idaho National Laboratory, Idaho: U.S.
Geological Survey Open-File Report 2014-1146 (DOE/
1D-22230), 66 p. [Also available at https://doi.org/10.3133/
ofr20141146.]

Bartholomay, R.C., Tucker, B.J., Ackerman, D.J., and
Liszewski, M.J., 1997, Hydrologic conditions and distri-
bution of selected radiochemical and chemical constitu-
ents in water, Snake River Plain aquifer, Idaho National
Engineering Laboratory, Idaho, 1992 through 1995:

U.S. Geological Survey Water-Resources Investigations
Report 97-4086 (DOE/ID-22137), 57 p. [Also available at
https://doi.org/10.3133/wri974086.]

Blackwell, D.D., Kelley, S., and Steele, J.L., 1992, Heat flow
modeling of the Snake River Plain, Idaho: Idaho National
Engineering Laboratory, Department of Energy contractor
report no. EGG-NPR-10790, 109 p.

Bodnar, L.Z., and Percival, D.R., eds., 1982, RESL Analytical
Chemistry Branch procedures manual: U.S. Department of
Energy Report IDO-12096, 364 p.

Busenberg, E., Plummer, L.N., and Bartholomay, R.C., 2001,
Estimated age and source of the young fraction of ground
water at the Idaho National Engineering and Environmental
Laboratory: U.S. Geological Survey Water-Resources
Investigations Report 20014265 (DOE/ID-22177), 144 p.
[Also available at https://doi.org/10.3133/wri014265.]

Busenberg, E., Plummer, L.N., Doughten, M.W., Widman,
PK., and Bartholomay, R.C., 2000, Chemical and isotopic
composition and gas concentrations of ground water and
surface water from selected sites at and near the Idaho
National Engineering and Environmental Laboratory,
Idaho, 1994-97: U.S. Geological Survey Open-File Report
2000-81 (DOE/ ID-22164), 51 p. [Also available at
https://doi.org/10.3133/0fr0081.]

Cecil, L.D., Welhan, J.A., Green, J.R., Frape, S.K., and
Sudicky, E.R., 2000, Use of chlorine-36 to determine
regional-scale aquifer dispersivity, eastern Snake River
Plain aquifer, Idaho/USA in Nuclear instruments and
methods in physics research section B—Beam interactions
with materials and atoms: 8th International Conference on
Accelerator Mass Spectrometry, Vienna, Austria, 1999, v.
172, p. 679-687.

Childress, C.J.O., Foreman, W.T., Connor, B.F., and Maloney,
T.J., 1999, New reporting procedures based on long-term
method detection levels and some considerations for
interpretations of water-quality data provided by the U.S.
Geological Survey National Water Quality Laboratory: U.S.
Geological Survey Open-File Report 99—193, 19 p. [Also
available at https://doi.org/10.3133/0fr99193.]

Christensen Products, 1997, C wireline system: Christensen
Products web page, accessed May 2008, at http://chr
istensenproducts.com.

Cooper, H.H., Jr., and Jacob, C.E., 1946, A generalized graphi-
cal method for evaluating formation constants and sum-
marizing well field history: Eos, Transactions—American
Geophysical Union, v. 27, no. 4, p. 526-534.

Craig, H., 1961, Isotopic variation in meteoric water: Science,
v. 133, no. 3465, p. 1702-1703.

Currie, L.A., 1984, Lower limit of detection—Definition and
elaboration of a proposed position for radiological effluent
and environmental measurements: Prepared for the U.S.
Nuclear Regulatory Commission by the National Bureau of
Standards, NUREG/CR-4007, 139 p.

Duke, C.L., Roback, R.C., Reimus, P.W., Bowman,
R.S., McLing, T.L., Baker, K.E., and Hull, L.C., 2007,
Elucidation of flow and transport processes in a variably
saturated system of interlayered sediment and fractured
rock using tracer tests: Vadose Zone Journal, v. 6, no. 4,
p. 855-867.

Faires, L.M., 1993, Methods of analysis by the U.S.
Geological Survey National Water Quality Laboratory—
Determination of metals in water by inductively coupled
plasma-mass spectrometry: U.S. Geological Survey Open-
File Report 92—-634, 28 p. [Also available at https://doi.org/
10.3133/0fr92634.]

Fisher, J.C., and Twining, B.V., 2011, Multilevel groundwater
monitoring of hydraulic head and temperature in the eastern
Snake River Plain aquifer, Idaho National Laboratory,
Idaho, 2007-08: U.S. Geological Survey Scientific
Investigations Report 20105253, 62 p.


https://doi.org/10.3133/sir20195149
https://doi.org/10.3133/ofr20141146
https://doi.org/10.3133/ofr20141146
https://doi.org/10.3133/wri974086
https://doi.org/10.3133/wri014265
https://doi.org/10.3133/ofr0081
https://doi.org/10.3133/ofr99193
http://christensenproducts.com
http://christensenproducts.com
https://doi.org/10.3133/ofr92634
https://doi.org/10.3133/ofr92634

Fishman, M.J., ed., 1993, Methods of analysis by the U.S.
Geological Survey National Water Quality Laboratory—
Determination of inorganic and organic constituents in
water and fluvial sediments: U.S. Geological Survey Open-
File Report 93—125, 217 p. [Also available at https://doi.org/
10.3133/0fr93125.]

Fishman, M.J., and Friedman, L.C., eds., 1989, Methods for
determination of inorganic substances in water and fluvial
sediments (3d ed.): U.S. Geological Survey Techniques of
Water-Resources Investigations, book 5, chap. A1, 545 p.
[Also available at https://doi.org/10.3133/twri05A1.]

Freeze, R.A., and Cherry, J.A., 1979, Groundwater:
Englewood Cliffs, New Jersey, Prentice Hall, Inc., 604 p.

Garabedian, S.P., 1986, Application of a parameter-estimation
technique to modeling the regional aquifer underlying
the eastern Snake River Plain, Idaho: U.S. Geological
Survey Water-Supply Paper 2278, 60 p. [Also available at
https://doi.org/10.3133/wsp2278.]

Goerlitz, D.F., and Brown, E., 1972, Methods for analysis
of organic substances in water: U.S. Geological Survey
Techniques of Water-Resources Investigations, book 5,
chap. A3, 40 p. [Also available at https://doi.org/10.3133/
twri05A3 1972.]

Halford, K.J., Weight, W.D., and Schreiber, R.P., 2006,
Interpretation of transmissivity estimates from single-
well pumping aquifer tests: Ground Water, v. 44, no. 3,
p. 467-471.

Hem, J.D., 1989, Study and interpretation of the chemical
characteristics of natural water (3d ed.): U.S. Geological
Survey Water Supply Paper 2254, 263 p.

Keys, W.S., 1990, Borehole geophysics applied to ground-
water investigations: U.S. Geological Survey Techniques of
Water-Resources Investigations, book 2, chap. E2, 150 p.
[Also available at https://doi.org/10.3133/twri02E2.]

Mann, L.J., 1986, Hydraulic properties of rock units and
chemical quality of water for INEL-1—A 10,365-foot
deep test hole drilled at the Idaho National Engineering
Laboratory, Idaho: U.S. Geological Survey Water-Resources
Investigations Report 86—4020 (IDO-22070), 23 p. [Also
available at https://doi.org/10.3133/wri864020.]

Mann, L.J., and Beasley, T.M., 1994, Todine-129 in the
Snake River Plain aquifer at and near the Idaho National
Engineering Laboratory, Idaho, 1990-91: U.S. Geological
Survey Water-Resources Investigations Report 94—4053
(DOE/ID-22115), 27 p. [Also available at https://doi.org/
10.3133/wri944053.]

References Cited 35

McCurdy, D.E., Garbarino, J.R., and Mullin, A.H., 2008,
Interpreting and reporting radiological water-quality
data: U.S. Geological Survey Techniques and Methods,
book 5, chap. B6, 33 p. [Also available at https://doi.org/
10.3133/tm5B6.]

Nimmo, J.R., Perkins, K.S., Rose, P.E., Rousseau, J.P., Orr,
B.R., Twining, B.V., and Anderson, S.R., 2002, Kilometer-
scale rapid transport of naphthalene sulfonate tracer in the
unsaturated zone at the Idaho National Engineering and
Environmental Laboratory: Vadose Zone Journal, v. 1,
no. 1, p. 89—101. [Also available at https://doi.org/10.2136/
vzj2002.8900.]

Ott, D.S., Cecil, L.D., and Knobel, L.L., 1994, Stable isotopes
of hydrogen and oxygen in surface water and ground water
at selected sites on or near the Idaho National Engineering
Laboratory, Idaho: U.S. Geological Survey Open-File
Report 94-55 (DOE/ID-22112), 14 p. [Also available at
https://doi.org/10.3133/0fr9455.]

Pierce, K.L., and Morgan, L.A., 1992, The track of the
Yellowstone hot spot, chap. 1 of Link, PK., Kuntz, M.A.,
and Platt, L.B., eds., Regional geology of eastern Idaho and
western Wyoming: Geological Society of America Memoir
179, p. 1-53.

Plummer, L.N., Rupert, M.G., Busenberg, E., and Schlosser,
P., 2000, Age of irrigation water in ground water from the
eastern Snake River Plain aquifer, south-central Idaho:
Ground Water, v. 38, no. 2, p. 264-283.

Pritt, J.W., 1989, Quality assurance of sample containers and
preservatives at the U.S. Geological Survey National Water
Quality Laboratory, in Pederson, G.L., and Smith, M.M.,
comps., U.S. Geological Survey second national sympo-
sium on water quality—Abstracts of the technical sessions,
Orlando, Florida, November 12—-17, 1989: U.S. Geological
Survey Open-File Report 89—409, 111 p. [Also available at
https://doi.org/10.3133/0fr89409.]

Rattray, G.W., 2018, Geochemistry of groundwater in
the eastern Snake River Plain aquifer, Idaho National
Laboratory and vicinity, eastern Idaho: U.S. Geological
Survey Professional Paper 1837-A, 198 p. [Also available at
https://doi.org/10.3133/pp1837A.]

Rattray, G.W., 2019, Evaluation of chemical and hydrologic
processes in the eastern Snake River Plain aquifer based
on results from geochemical modeling, Idaho National
Laboratory, eastern Idaho: U.S. Geological Survey
Professional Paper 1837-B (DOE/ID-22248), 85 p.,
https://doi.org/10.3133/pp1837B.


https://doi.org/10.3133/ofr93125
https://doi.org/10.3133/ofr93125
https://doi.org/10.3133/twri05A1
https://doi.org/10.3133/wsp2278
https://doi.org/10.3133/twri05A3_1972
https://doi.org/10.3133/twri05A3_1972
https://doi.org/10.3133/twri02E2
https://doi.org/10.3133/wri864020
https://doi.org/10.3133/wri944053
https://doi.org/10.3133/wri944053
https://doi.org/10.3133/tm5B6
https://doi.org/10.3133/tm5B6
https://doi.org/10.2136/vzj2002.8900
https://doi.org/10.2136/vzj2002.8900
https://doi.org/10.3133/ofr9455
https://doi.org/10.3133/ofr89409
https://doi.org/10.3133/pp1837A
https://doi.org/10.3133/pp1837B

36 Completion Summary for Boreholes USGS 148, 148A, and 149, Idaho National Laboratory, Idaho

Robertson, J.B., Schoen, R., and Barraclough, J.T., 1974,
The influence of liquid waste disposal on the geochem-
istry of water at the National Reactor Testing Station,
Idaho, 1952-1970: U.S. Geological Survey Open-File
Report 73-238 (IDO-22053), 231 p. [Also available at
https://doi.org/10.3133/0fr73238.]

Rose, D.L., and Schroeder, M.P., 1995, Methods of analysis
by the U.S. Geological Survey National Water Quality
Laboratory—Determination of volatile organic compounds
in water by purge and trap capillary gas chromatography/
mass spectrometry: U.S. Geological Survey Open-File
Report 94—-708—W, 26 p. [Also available at https://doi.org/
10.3133/0fr94708W.]

Self, S., Keszthelyi, L., and Thordarson, T., 1998, The impor-
tance of pahoehoe: Annual Review of Earth and Planetary
Sciences, v. 26, no. 1, p. 81-110.

Shervais, J.W., Vetter, S.K., and Hanan, B.B., 2006, Layered
mafic sill complex beneath the eastern Snake River Plain—
Evidence from cyclic geochemical variations in basalt:
Geology, v. 34, no. 5, p. 365-368.

Sill, D.S., and Sill, C.W., 1994, Simultaneous determination of
the actinides in small environmental samples: Radioactivity
and Radiochemistry, v. 5, no. 2, p. 8-19.

Thatcher, L.L., Janzer, V.J., and Edwards, K.W., 1977,
Methods for determination of radioactive substances in
water and sediments: U.S. Geological Survey Techniques
of Water-Resources Investigations, book 5, chap. A5, 95 p.
[Also available at https://doi.org/10.3133/twri05A5.]

Theis, C.V., 1935, The relation between the lowering of the
piezometric surface and the rate and duration of discharge
of a well using groundwater storage: Eos, Transactions—
American Geophysical Union, v. 16, no. 2, p. 519-524.

Toran, L., 1982, Isotopes in ground-water investigations:
Ground Water, v. 20, no. 6, p. 740-745.

Twining, B.V., 2016, Borehole deviation and correction fac-
tor data for selected wells in the eastern Snake River Plain
aquifer at and near the Idaho National Laboratory, Idaho:
U.S. Geological Survey Scientific Investigations Report
20165163 (DOE/ID-22241), 23 p., plus appendixes, [Also
available at https://doi.org/10.3133/sir20165163.]

Twining, B.V., Bartholomay, R.C., and Hodges, M.K.V.,
2014, Completion summary for boreholes USGS 140 and
USGS 141 near the Advanced Test Reactor Complex,
Idaho National Laboratory, Idaho: U.S. Geological
Survey Scientific Investigations Report 2014-5098 (DOE/
ID-22229), 40 p., plus appendixes, https://doi.org/10.3133/
sir20145098.

Twining, B.V., and Fisher, J.C., 2012, Multilevel groundwater
monitoring of hydraulic head and temperature in the eastern
Snake River Plain aquifer, Idaho National Laboratory,
Idaho, 2009-2010: U.S. Geological Survey Scientific
Investigations Report 2012-5259 (DOE/ID-22221), 44 p.,
plus appendixes, https://doi.org/10.3133/5ir20125259.

Twining, B.V., and Fisher, J.C., 2015, Multilevel groundwater
monitoring of hydraulic head and temperature in the eastern
Snake River Plain aquifer, Idaho National Laboratory,
Idaho, 2011-2013: U.S. Geological Survey Scientific
Investigations Report 2015-5042 (DOE/ID-22235), 49 p.,
https://doi.org/10.3133/sir20155042.

Twining, B.V., and Maimer, N.V,, 2019, Transmissivity
and geophysical data for selected wells located at and
near the Idaho National Laboratory, Idaho, 2017-18:
U.S. Geological Survey Scientific Investigations Report
2019-5134, 30 p., plus appendixes, https://doi.org/10.3133/
sir20195134.

U.S. Department of Energy, 1995, Radiochemistry manual,
rev. 10: Idaho Falls, Idaho, U.S. Department of Energy,
Radiological and Environmental Sciences Laboratory. [vari-
ously paged].

U.S. Geological Survey, 1985, National water sum-
mary 1984—Hydrologic events, selected water-quality
trends, and ground-water resources: U.S Geological
Survey Water-Supply Paper 2275, 467 p. [Also available at
https://doi.org/10.3133/wsp2275.]

U.S. Geological Survey, 2015, Changes to National Water
Quality Laboratory (NWQL) procedures used to estab-
lish and verify laboratory detection and reporting limits:
National Water Quality Laboratory Technical Memorandum
15.02, accessed January 26, 2020, at https://nwql.usgs.gov/
tech_memos/nwql.2015-02.pdf.

U.S. Geological Survey, 2019, USGS GeoLog Locator: U.S.
Geological Survey web interface, accessed June 20, 2019, at
https://doi.org/10.5066/F7X63KTO.

U.S. Geological Survey, 2021, National Water Information
System: U.S. Geological Survey web interface,
http://dx.doi.org/10.5066/F7P55KJN, accessed May 2021,
at https://nwis.waterdata.usgs.gov/nwis.

U.S. Geological Survey, [variously dated], National field man-
ual for the collection of water-quality data: U.S. Geological
Survey Techniques of Water-Resources Investigations, book
9, chaps. A1-A9, [Also available at
https://water.usgs.gov/owq/FieldManual/.]


https://doi.org/10.3133/ofr73238
https://doi.org/10.3133/ofr94708W
https://doi.org/10.3133/ofr94708W
https://doi.org/10.3133/twri05A5
https://doi.org/10.3133/sir20165163
https://doi.org/10.3133/sir20145098
https://doi.org/10.3133/sir20145098
https://doi.org/10.3133/sir20125259
https://doi.org/10.3133/sir20155042
https://doi.org/10.3133/sir20195134
https://doi.org/10.3133/sir20195134
https://doi.org/10.3133/wsp2275
https://nwql.usgs.gov/tech_memos/nwql.2015-02.pdf
https://nwql.usgs.gov/tech_memos/nwql.2015-02.pdf
https://doi.org/10.5066/F7X63KT0
http://dx.doi.org/10.5066/F7P55KJN
https://nwis.waterdata.usgs.gov/nwis
https://water.usgs.gov/owq/FieldManual/
https://water.usgs.gov/owq/FieldManual/

Wershaw, R.L., Fishman, M.J., Grabbe, R.R., and Lowe,
L.E., eds., 1987, Methods for the determination of organic
substances in water and fluvial sediments: U.S. Geological
Survey Techniques of Water-Resources Investigations, book
5, chap. A3, 80 p. [Also available at https://doi.org/10.3133/
twri05A3.]

Whitehead, R.L., 1992, Geohydrologic framework of the
Snake River Plain regional aquifer system, Idaho and
eastern Oregon: U. S. Geological Survey Professional Paper
1408-B, 32 p. [Also available at https://doi.org/10.3133/
pp1408B.]

References Cited 37

Williams, J.H., and Johnson, C.D., 2004, Acoustic and optical
borehole-wall imaging for fractured-rock aquifer studies:
Journal of Applied Geophysics, v. 55, nos. 1-2, p. 151-159.


https://doi.org/10.3133/twri05A3
https://doi.org/10.3133/twri05A3
https://doi.org/10.3133/pp1408B
https://doi.org/10.3133/pp1408B

38 Completion Summary for Boreholes USGS-148, 148A, and 149, Idaho National Laboratory, Idaho

Appendix1. Completion Report for Multilevel Well USGS 149

Appendix 1 is an Adobe Acrobat® PDF file available for download at https://doi.org/ 10.3133/sir20215131. The contribu-
tions by non-U.S. Geological Survey (USGS) authors in this appendix 1 are published as they were submitted. Research was
supported by the USGS under USGS Order No. 140G0319P0203, dated June 25, 2019. The views and conclusions contained in
appendix 1 are those of the non-USGS authors and should not be interpreted as necessarily representing the views, official poli-
cies, either expressed or implied, of the U.S. Government. Any use of trade, firm, or product names is for descriptive purposes
only and does not imply endorsement by the U.S. Government.

Appendix 2. Driller Log for USGS 148A (Previously USGS 148)

Appendix 2 is an Adobe Acrobat® PDF file available for download at https://doi.org/10.3133/sir20215131.

Appendix 3. Driller Log for USGS 149

Appendix 3 is an Adobe Acrobat® PDF file available for download at https://doi.org/10.3133/sir20215131.

Appendix 4. Core Log for USGS 148

Appendix 4 is an Adobe Acrobat® PDF file available for download at https://doi.org/10.3133/ sir20215131.

Appendix 5. Core Log for USGS 148A

Appendix 5 is an Adobe Acrobat® PDF file available for download at https://doi.org/10.3133/sir20215131.

Appendix 6. Core Log for USGS 149

Appendix 6 is an Adobe Acrobat® PDF file available for download at https://doi.org/10.3133/sir20215131.
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